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INTRODUCTION 


Zilog's Focus on Application Specific Products Helps You 
Maintain Your Technological Edge 


Zilog's Consumer products are suitable for a broad range of applications, from general-purpose uses 
to application specific markets such as IR remote control, security systems, cable TV receivers, and TV 
satellite systems. Whichever device you choose, you'll find a comprehensive feature set, easy-to-use 
development tools and, application specific expertise to help speed your design into production. Once 
designed in, the product family allows easy migration of your application using the same hardware and 
software. 


Z86C07 CMOS Z8° 8-Bit Microcontroller 

The Z86C07 is a member of the Z8® single-chip microcontroller family with 2 Koytes of ROM and 124 
bytes of general-purpose RAM. This device is housed in 18-pin DIP and 18-pin SOIC packages and is 
manufactured in CMOS technology. The Z86C07 is characterized by a flexible I/O scheme, an efficient 
register and address space structure, and a number of ancillary features that are useful in many 
consumer, and industrial applications. 


Z86C08 CMOS Z8® 8-Bit Microcontroller 

The Z86C08 is a member of the Z8® single-chip microcontroller family with 2 KBytes of ROM and 124 
bytes of general-purpose RAM. As in the Z86C07, this device is housed in 18-pin DIP and 18-pin SOIC 
packages and is manufactured in CMOS technology. The Z86C08 offers all the outstanding features 
of the Z8 family architecture, and easy software/hardware system expansion along with low cost, low 
power consumption. 


Z86E08 CMOS Z8® 8-Bit Microcontroller 

Zilog's Z86E08 is the OTP version of the Z86C08 with 2 Kbytes of OTP. The device is housed in an 
18-pin DIP, and is manufactured in CMOS technology. The device allows for easy software develop- 
ment and debug, prototyping, and small production runs not economically desirable with a masked ROM 
version. 


Z86C11 CMOS Z8® 8-Bit Microcontroller 

The Z86C11 features 4 Kbytes of ROM and 256 bytes of RAM. The MCU is housed in a 40-pin DIP, 
44-pin PLCC, ora44-pin QFP package. The ROMless pin option is available on the 44-pin versions only. 
Having the ROM/ROMless selectively, this device offers both external memory and preprogrammed 
ROM. This enables the Z8 microcontroller to be used in high volume applications, or where code 
flexibility is required. 


Z86C12 CMOS Z8® In-Circuit Emulator Microcontroller 

The Z86C12 architecture is characterized by Zilog's 8-bit microcontroller core. The device offers fast 
execution, more efficient use of memory, more sophisticated interrupts, input/output bit manipulation 
capabilities, easy hardware/software system expansion, a flexible I/O scheme, an efficient register and 
address space structure, multiplexed capabilities between address/data, and a number of ancillary 
features that are useful in many industrial and advanced scientific applications. 











Z86C21 8K ROM CMOS Z8® Microcontroller 

Zilog's Z86C21 CMOS microcontroller offers fast execution, efficient use of memory, sophisticated 
interrupts, input/output bit manipulation capabilities, and easy hardware/software system expansion 
along with low cost and low power consumption. The Z86C21 architecture is characterized by Zilog's 
8-bit microcontroller core. The device offers a flexible I/O scheme, an efficient register and address 
space structure, multiplexed capabilities between address/data, I/O, and a number of ancillary features 
that are useful in many consumer applications. 


Z86E21 CMOS Z8® Microcontroller With 8K OTP 

The Z86E21 is apin compatible, OTP version of the Z86C21. The Z86E21 contains 8 Kbytes of EPROM 
memory in place of the 8 Kbytes of ROM on the Z86C21. This MCU is housed in a 40-pin DIP, 44-pin 
PLCC, ora 44-pin QFP, and is manufactured in CMOS technology. The ROMless pin option is available 
on the 44-pin versions only. The Z86E21 offers fast execution, efficient use of memory, sophisticated 
interrupts, input/output bit manipulation, easy hardware/software system expansion along with low cost 
and low power consumption. 


Z86C61/62/96 CMOS Z8® Microcontroller 

The Z86C61/62/96 is a member of the Z8 single-chip microcontroller family. It is pin compatible with the 
Z86C21 but has twice the on-board memory with 16 Kbytes of ROM. It offers all the outstanding features 
of the Z8 family architecture. The device provides up to 16 output address lines permitting an address 
space of up to 48 Kbytes of external program and data memory each. The 256-byte register file consists 
of 236 general-purpose registers, four I/O port registers, and 16 status and control registers. 


Z86C63/64 32K ROM CMOS Z8® Microcontroller 

The Z86C63/64 is a 32K ROM version of the Z8 single-chip microcontroller family. It is pin compatible 
with the Z86C61/62 but has twice the on-board memory with 32 Kbytes of RAM. Compatibility between 
the C21, C61 and C63 allows users to build on their existing hardware and software design, providing 
the flexibility needed to meet the challenge of todays market needs. 


Z86C91 CMOS Z8® ROMless Microcontroller 

The Z86C91 is a member of the ROMless Z8 single-chip microcontroller family with 236 bytes of RAM. 
The MCU is packaged in a 40-pin DIP, 44-pin PLCC or a 44-pin QFP. The Z86C91 is a ROMless device 
that offers the use of external memory which enables this Z8 MCU to be used where code flexibility is 
required. 


Z86C93 CMOS Z8® Multiply/Divide Microcontroller 

The Z86C93 is aCMOS ROMless Z8 Microcontroller enhanced with a hardwired 16-bit x 16-bit multiplier 
and 32-bit/16-bit divider and three 16-bit counter timers. A capture register and a fast decrement mode 
is also provided. The device is housed in a 40-pin DIP, 44-pin PLCC, 44-pin QFP, or 48-pin VQFP 
package and is manufactured in CMOS technology. Besides the four additional signals (SCLK, IACK, 
ISYNC, and /WAIT), the Z86C93 is compatible with the Z86C91, yet is offers a much more powerful 
mathematical capability, 
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FEATURES 
m 8-Bit CMOS Microcontroller 


m 18-Pin DIP Package 

m Low Cost 

m 3.0 to 5.5 Volt Operation Range 

m Low Power Consumption; 50 mW (typical) 
m Low Voltage Protection 

m Fast Instruction Pointer; 1 ws at 12 MHz 

m Two Standby Modes - STOP and HALT 

m 14 Input/Output Lines 

m Three Digital Inputs at CMOS Levels 


m Eleven Digital Inputs at CMOS Levels; 
oschmitt-Triggered 


GENERAL DESCRIPTION 


The Z86C07 Microcontroller Unit (MCU) introduces a new 
level of sophistication to single-chip architecture. The 
Z86C07 is amember of the Z8 single-chip microcontroller 
family with 2 Kbytes of ROM and 124 bytes of general- 
purpose RAM. The device is housed in 18-pin DIP, and 
18-pin SOIC, and is manufactured in CMOS technology. 
The Zilog Z86C07 offers all the outstanding features of the 
Z8 family architecture, and easy software/hardware sys- 
tem expansion along with low cost, low power consump- 
tion. 


The Z86C07 is characterized by a flexible I/O scheme, an 
efficient register and address space structure, and a 
number of ancillary features that are useful in many con- 
sumer, and industrial applications. 


PRELIMINARY PRODUCT SPECIFICATION 


286007 


CMOS Z8® 8-BIT 
MICROCONTROLLER 


m Extended Temperature Operation —40°C to +105°C 
m 2Kbytes of ROM 
m 124 Bytes of RAM, 


m Two Programmable 8-Bit Counter/Timers Each with a 
6-Bit Programmable Prescaler. 


m Six Vectored, Priority Interrupts from Six Different 
Sources 


m Clock Speeds 8 and 12 MHz 

m On-Board Power-On Reset Circuit 

m Permanently Enabled Watchdog Timer 

m TwoComparators with Programmable Interrupt Polarity. 


m On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive. 


For applications which demand powerful I/O capabilities, 
the Z86C07 provides 14 pins dedicated to input and 
output. These lines are grouped into three ports, and are 
configurable under software control to provide 1/O, timing, 
and status signals. 


There are two basic address spaces available to support 
this wide range of configurations, Program Memory, and 
124 bytes of general-purpose registers. 
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GENERAL DESCRIPTION (Continued) | 


To unburden the program from coping with real-time tasks —_ Notes: 

such as counting/timing and |/O datacommunications, the All Signals with a preceding front slash, '/", are active Low, e.g.: 
Z86CO07 offers two on-chip counter/timers with a large B/W (WORD is active Low); /B/W (BYTE is active Low, only). 
number of user selectable modes. Also, there are two on- 


board comparators that can process analog signals with a Power connections follow conventional descriptions below: 


common reference voltage (Figure 6). Connection Circuit Device 
Power Voc Vop 
Ground GND as 
Input Vcc GND XTAL 


Machine 


Port 3 Timing & Inst. 


Control 





















Counter/ 
Timers (2) 
Interrupt Prg. Memory 
Control 2048 x 8-Bit 
Register ff 
Two Analog Eolne! p 
rogram 
comparators Register File 
144 x 8-Bit 


/O /O 
(Bit Programmable) 


Figure 1. Functional Block Diagram 





A cejLAaS PRELIMINARY CMOS Z8° MCU 
PIN DESCRIPTION 


Table 1. 18-Pin DIP Pin Identification 


P24 1 P23 a 
Pin # Symbol Function Direction 
P25 2 P22 ee 
5 Vic Power Supply Input 
P27 q P20 6 XTAL2 Crystal Oscillator Clock Input 
VCC 5 GND 7 XTAL1 Crystal Oscillator Clock Output 
8 P31 Port 3, Pin 1, AN1 Input 
XTAL2 6 P02 
XTAL4 7 Pot 9 P32 Port 3, Pin 2, AN2 Input 
10 Pad Porm-3, Pin 3REF Input 
P3t 8 POO 11-13 POO-PO2 Port 0, Pins 0, 1, 2 In/Output 
P32 9 P33 14 GND Ground Input 





15-18 P20-P23 Port 2, Pins 0, 1,2, 3 In/Output 


Figure 2. 18-Pin DIP Pin Configuration 





P24 P23 
P25 P22 
P26 P21 
P27 P20 
Z86C07 
XTAL2 P02 
XTAL1 PO1 
P31 POO 
P32 P33 
Figure 3. 18-Pin SOIC Pin Configuration 
Table 2. 18-Pin SOIC Pin Identification 
Pin # Symbol Function Direction Pin # Symbol Function Direction 
1-4 P24-P27 Port 2, Pins 4, 5, 6, 7 In/Output 9 P32 Port 3, Pin 2, AN2 Input 
5 m Power Supply Input 10 P33 Port 3, Pin 3, REF Input 
6 XTAL2 Crystal Oscillator Clock Input 11413: POO-PO2 -Port-0;.Pins 0;1,:2 In/Output 
7 XTAL1 Crystal Oscillator Clock Output 14 GND Ground Input 
8 P31 Port 3, Pin 1, AN1 Input 15-18 P20-P23 Port 2, Pin O, 1, 2,3 In/Output 
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PIN DESCRIPTION (Continued) 


XTAL1, XTAL2 Crystal In, Crystal Out (time-based input 
and output, respectively). These pins connect a parallel- 
resonant crystal, LC, or an external single-phase clock 
(12 MHz max) to the on-chip clock oscillator and buffer. 


OEN 


oe 


Port 0 (P02-P00). Port 0 is a 3-bit I/O, nibble program- 
mable, bidirectional, CMOS compatible |/O port. These 
three I/O lines can be configured under software control to 
be an input or output (Figure 4). 


Port 0 (I/O) 


PAD 


Ou an 


1.5 <~ 2.3 Hysteresis Vcc @ 5.0V 


rene 


Figure 4. Port 0 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit I/O, bit programmable, input or output, independently. Bits programmed as out- 
bidirectional, CMOS compatible I/O port. These eight I/O — puts may be globally programmed as either push-pull or 
lines can be configured under software control to be an = open-drain (Figure 5). 


MCU Port 2 (I/O) 





Open Drain 


OEN ie. - 
O 
Out mae 


1.5 <«» 2.3 Hysteresis Vcc @ 5.0V 
In <q 


Figure 5. Port 2 Configuration 


PAD 
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PIN DESCRIPTION (Continued) 


Port 3 (P33-P31). Port 3 is a 3-bit, CMOS compatible port 
with three fixed input (P33-P31) lines. These three input 
lines can be configured under software control as digital 


MCU 


R247 = P3M 





DIG. 


PAD 
ae P31 (AN1) 
AN. 


Pg bod ey 


PAD 
a P32 (AN2) 
ee P33 (REF) 


PAD 


J lle 


Vcc j- 


PRELIMINARY 


286007 
CMOS Z8®MCU 


inputs or analog inputs. These three inputlinescanalsobe © 
used as the interrupt sources IRQO0-IRQ3 and as the timer 
input signal (T,,) (Figure 6). 


Port 3 


1 =Analog 
0 = Digital 


P31 
Data Latch 
IRQ, Tin 


— IRQ3 
P32 


Data Latch 
IRQO 


P33 
Data Latch 
IRQ1 


IRQ 0,1,2 = Falling Edge Detection 


IRQ3 


= Rising Edge Detection 


Figure 6. Port 3 Configuration 


Comparator Inputs. Two analog comparators are added 
to Port 3 inputs for interface flexibility. 


Typical applications for the on-board comparators are: 
Zero crossing detection, A/D conversion, voltage scaling, 
and threshold detection. 


The dual comparator (common inverting terminal) features 
a single power supply which discontinues power in STOP 
Mode. The common voltage range is O-4V; the power 


supply and common mode rejection ratios are 90 dB and 
60 dB, respectively. 


Interrupts are generated on either edge of comparator 2's | 
output, or on the falling edge of comparator 1's output. The » 
comparator output may be used for interrupt generation, . 
Port 3 data inputs, or T,, through P31. Alternatively, the 
comparators may be disabled, freeing the reference input 
(P33) for use as IRQ1 and/or P33 input. 
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AQ 2jiLGsS 
FUNCTIONAL DESCRIPTION 
The Z8 MCU incorporates special functions to enhance the 


Z8's versatility in Consumer, industrial, and advanced 
technologies applications. 












INT OSC 
POR 
(Cold Start) 
Delay Line 
12 usec 
Vcc @ 5.5V 


P27 
(Stop Mode) 


Figure 7. Internal Reset Configuration 


Table 3. Z86C07 Control Registers 


Reset Condition 


Addr. Reg. D7 D6 D5 D4 D3 D2 D1 DO Comments 

FI TMR 0 0 0 0 0 0 0 0 

F2 11 U U U U U U U U 

F3 PRE1 U U U U U U O 0 

F4 T0 U U U U U U U U 

F5 PREO U U U U U U U 0 

F6* PEM 1 71 #1 ~=#747 ~=#«-71 ~=«714 = ~=«4 += 1 Inputs after 
reset 

F7* P3M U U U U U U OO 0 

F8* POIM U U U 0Q U U O 1 

F9 IPR Ue Ue ee eh oe 

FA RQ U U 0 0 0 0 0 O - IRQ3is 
used for 
positive 
edge detec- 
tion 

PB IMR OO U U U U U U JU 

PC FLAGS U U U U U U U U 

FD RP Oe Oe Oe 0" 16: Ory sO: 

FE SPH U U U U U U U U -~ Notused, 
stack 
always 
internal 

FF Bris ME Se. TUN Me ® al: st? aly 

Note: 


* Registers are not reset after a Stop-Mode Recovery using P27 pin. 
Asubsequent reset will cause these control registers to be reconfigured 
as shown in Table 3 and the user must avoid bus contention on the port 
pins or it may affect device reliability. 


ae ie =e Sa ae ae ae) ae 


286C07 
CMOS Z8®MCU 


Reset. Upon power-up the Power-On Reset circuit waits 
for 50 usec plus 18 crystal clocks and then starts program 
execution at address %000C (HEX ) (Figure 7). Reference 
the Z86C07 control registers' Reset value (Table 3). 


XTAL OSC 







18 CLK 


Chip 
Reset Filter 


Reset 





Program Memory. The Z86CO/7 can address up to 
2 Kbytes of internal program memory (Figure 8). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. Bytes 0-2048 
are on-chip mask-programmed ROM. 


2048 





Location of On-Chip 
First Byte of 
Instruction 
Executed 


After RESET 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 


(Upper Byte) 


Figure 8. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 


Register File. The Register File consists of three I/O port 
registers, 124 general-purpose registers, and 15 control 
and status registers (R3-RO, R127-R4 and R255-R241, 
respectively - Figure 9). The Z86C07 instructions can 
access registers directly or indirectly through an 8-bit 
address field. This allows short 4-bit register addressing 


Location Indentifiers 
255 Stack Pointer (Bits 7-0) SPL 
254 Reserved 
253 Register Pointer RP 
252 Program Control Flags Flags 
251 Interrupt Mask Register IMR 
250 Interrupt Request Register IRQ 
249 Interrupt Priority Register IPR 
248 Ports 0-1 Mode PO1M 
247 Port 3 Mode P3M 
246 Port 2 Mode P2M 
245 To Prescaler PREO 
244 Timer/Counter 0 TO 
243 T1 Prescaler PRE1 
242 Timer/Counter 14 T1 
241 Timer Mode TMR 
in Not Implemented 
128 
127 

General Purpose 
Registers 
4 
3 Port 3 P3 
2 Port 2 P2 
1 Reserved P1 
0 Port 0 PO 





Figure 9. Register File 


using the Register Pointer. In the 4-bit mode, the register 
file is divided into eight working register groups, each 
occupying 16 continuous locations. The Register Pointer 
(Figure 10) addresses the starting location of the active 
working-register group. 





7 r6 5 r4 rsa r2 ri r0 R253 
(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


FF 
R15 to RO 
FO 


te 


70 
6F 


60 
5F 


50 
4F 





The lower nibble 
of the register 


40 







SF - ; file address 
ss ei , provided by the 
30 se acd bce instruction points 
2F to the specified 
register. 
20 
1F 
Register Group 1 R15 to RO 
10 
OF 
Register Group R15 to R4 
/O Ports R3 to RO 


00 


Figure 10. Register Pointer 
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Stack Pointer. The Z86C07 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 


Counter/Timer. There are two 8-bit programmable counter/ 
timers (TO and T1), each driven by its own 6-bit program- 
mable prescaler. The T1 prescaler can be driven by 
internal or external clock sources, however the TO can be 
driven by the internal clock source only (Figure 11). 


The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) that has been loaded into the counter. When both 
counter and prescaler reach the end of count, a timer 
interrupt request IRQ4 (TO) or IRQ5 (T1) is generated. 


Write 
OSC 
PREO 
Initial Value 
Register 
[2]: 
6-Bit 
Down 
Counter 
Internal 
Clock 


External Clock 


Clock 


Internal Clock 
Gated Clock PRE1 
Triggered Clock 


Tiny P31 
Ns Write 


* Note: Divide-by-two is not used in Low EMI Mode. 






Logic ny a ie 
‘ Counter 


Initial Value 
Register 


The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counters, but not the prescalers are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter- 
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P30) as an external 
clock, atrigger input that is retriggerable or notretriggerabie, 
or as a gate input for the internal clock. 


Internal Data Bus 


fl 






TO TO 
Initial Value Current Value 
Register Register 


8-Bit i 
Down 

Counter IRQ4 
8-Bit IRQ5 
Down 









Counter 






1 
Initial Value 
Register 


T1 
Current Value 
Register 


y 


Internal Data Bus 


Figure 11. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Interrupts. The Z86C07 has six interrupts from six different 
sources. These interrupts are maskable and prioritized 
(Figure 12). The six sources are divided as follows: the 
falling edge of P31 (AN1), P32 (AN2), P33 (REF), the rising 
edge of P32 (AN2), and the two counter/timers. The Inter- 
rupt Mask Register globally or individually enables or 
disables the six interrupt requests (Table 4). 


When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con- 
trolled by the Interrupt Priority register. All Z86COQ7 inter- 
rupts are vectored through locations in program memory. 
When an interrupt machine cycle is activated, an interrupt 
request is granted. This disables all subsequent inter- 
rupts, saves the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter- 
rupt service routine for that particular interrupt request. 


Phe ae VE dN WAG IR GX 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. 


Table 4. Interrupt Types, Sources, and Vectors 


Source Name Vector Location Comments 
AN2(P32) IRQO 0,1 External (F)Edge 
REF(P33) IRQ‘ 2,3 External (F)Edge 
AN1(P31) IRQ2 45 External (F)Edge 
AN2(P32) IRQ3 6,7 External (R)Edge 
TO IRQ4 8,9 Internal 

ce IRQ5 10,11 Internal 

Notes: 


F = Falling edge triggered 
R = Rising edge triggered 


IRQO - IRQ5 


Global 
Interrupt 
Enable 
Interrupt 
Request 


PRIORITY 
LOGIC 





Vector Select 


Figure 12. Interrupt Block Diagram 
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Clock. The Z86C07 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 12 MHz max, with a series resistance (RS) less than or 
equal to 100 Ohms. 


Thecrystal should be connected across XTAL1 and XTAL2 
using the vendor's crystal recommended capacitors (ca- 
pacitance Is between 10 pF to 250 pF which depends on 
the crystal manufacturer, ceramic resonator and PCB 
layout) from each pin directly to device ground pin 14 
(Figure 13). 


Note that the crystal capacitor loads should be connected 
to Vg, pin 14 to reduce Ground noise injection. 

HALT Mode. Turns off the internal CPU clock but not the 
crystal oscillation. The counter/timers and external inter- 
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The 
device can be recovered by interrupts, either externally or 
internally generated. The program execution begins at 
location OOOC (HEX). An interrupt request must be ex- 
ecuted (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 


STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 pA. The STOP Mode can be released by two 
methods. The first method is a RESET of the device by 
removing V,,. The second method is if P27 is configured 
as an input line when the device executes the STOP 
instruction. A low input condition on P27 releases the 
STOP Mode. 


Program execution under both conditions begins at loca- 
tion O0OOC (HEX). However, when P27 is used to release the 
STOP Mode, the I/O port mode registers are not 





Ceramic 
Resonator 
or Crystal 


LC Clock 


reconfigured to their default power-on conditions. This 
prevents any I/O, configured as output when the STOP 
instruction was executed, from glitching to an unknown 
State. 


To use the P27 release approach with STOP Mode, use the 
following instruction: 


OR P2M, #80H 
NOP 
STOP 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode = FFH) immediately before the 
appropriate SLEEP instruction. t.e.: 


FF - .NOP ‘clear the pipeline 
6F STOP ‘enter STOP mode 
or 
FF NOP ‘clear the pipeline 
7F HALT ‘enter HALT mode 


Watch-Dog Timer (WDT). The Watch-Dog Timer is per- 
manently enabled. The WDT should be refreshed at least 
every 10 msec; otherwise, the Z86C07 resets itself. 


WDT = 5F (HEX). 


Opcode WDT (5FH). Execution of the command clears the 
WDT counter. This has to be done at least every 15 msec. 
Otherwise, the WDT times out and generates a Reset. The 
generated Reset is the same as a Power-On Reset of T,, 
plus 18 usec +18 XTAL clock cycles. The WDT instruction 
affects the Flags accordingly: Z= 1,5 =0, V=0. 


XTAL1 XTAL1 


XTAL2 XTAL2 


External Clock 


Figure 13. Oscillator Configuration 








A SILAS 
FUNCTIONAL DESCRIPTION (Continued) 

Low Voltage Protection (V,,).[he Low Voltage trip volt- 
age (V,,) is less than 3 volts and above 1.4 volts under the 


following conditions: 


Maximum (V,,,) Conditions: 


Case1 T,=-40°C, +105°C, Internal Clock Frequency 
equal or less than 1 MHz 
Case2 1, = -40°C, +85°C, Internal Clock Frequency 


equal or less than 2 MHz 


Note: The internal clock frequency is one-half the external 
clock frequency. 


cc 
(volts) 7-59 


2.60 






2.40 


2.20 


2.00 


1.80 


1.60 





1.40 
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60 -40 -20 0 20 40 6 


-786C07 
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The device will function normally at or above 3.0V under all 
conditions. Below 3.0V, the device functions normally until 
the Low Voltage Protection trip point (V,,) is reached. The 
device is guaranteed to function normally at supply volt- 
ages above the low voltage trip point for the temperatures 
and operating frequencies in Case 1 and Case 2 above. 
The actual low voltage trip point is a function of tempera- 
ture and process parameters (Figure 14). 


2 MHz (Typical) 


Temp -40°C O°C +25°C +70°C 3 +105°C 
V 2.55 2.4 2.1 1.7 1.6 


LV 


0 80 10 


Temperature (°C) 


40 


Power-On Reset threshold for V., and 4 MHz V,,, overlap 


Figure 14. Typical Z86C07 V,,, vs Temperature 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Min Max _ Units 
Vee Supply Voltage* 0.3 +7 V 
Vier: Storage Temp -65° +150° C 

Te Oper Ambient Temp — + Tt C 

Notes: 


“Voltages on all pins with respect to GND 
+ See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 15). 


CAPACITANCE 
T, = GND = OV, f = 1.0 MHz, unmeasured pins to GND 


Parameter Max 

Input capacitance 10 pF 
Output capacitance 20 pF 
I/O capacitance 25 pF 


V.¢ SPECIFICATION 
Veg = 3.0V to 5.0V 


Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is astress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 


From Output 
Under Test 


4 150 pF 


Figure 15. Test Load Diagram 
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DC ELECTRICAL CHARACTERISTICS 


T, = 0°C to +70°C T, =740°C to +105°C ~=— Typical 


Sym = Parameter Voe Min Max Min Max @25°C ~=Units _— Conditions 
Max Input Voltage  3.0V 12 12 V [y= 200 pA 
5.5V 12 12 V |y = 200 pA 
Ves Clock Input High 3.0V 0.8V.. V_+0.3 0.8V.. — Vogt0.3 1.7 V Driven by External 
Voltage Clock Generator 
5.5V 0.8V,. Vict0.3 0.8V.  Vect0.3 2.79 V Driven by External 
Clock Generator 
Mei Clock Input Low 3.0V Vea: - O2Ne, V0.3 02 V5 0.8 V Driven by External 
Voltage | Clock Generator 
9.0V Vic0.3 0.2V, VeeV8- C2 Ve 1.9 V Driven by External 
Clock Generator 
Vig Input High Voltage  3.0V 0.7 Veg V¢t0-3 OTN. Vi_t0.3 1.8 V 
9.0V 0.7 Vie Vict0.3 0.7V,  — Voct0.3 2.8 V 
Vie Input Low Voltage — 3.0V VeoU.d: “02 Ves Voodd U2 Vie 0.8 V 
9.0V Vows. . U2V,. VeUs) - “O2Vin 1.5 V 
Vig Output High Voltge 3.0V Vog0.4 Vi¢70.4 3.0 V lay = 72-0 MA [5] 
5.0V Vig0.4 Vig 0.4 4.8 V lay = 72.0 MA [5] 
3.0V Vig 04 » Meg 0:4 V Low Noise @ 0.5 mA 
9.0V Vi¢70.4 Vie 0.4 V Low Noise @ 0.5 mA 
ae Output Low Voltage 3.0V 0.8 0.8 0.2 V l= +4.0 mA [5] 
5.5V 0.4 0.4 0.1 V l= 74.0 mA [5] 
3.0V 0.4 0.4 V Low Noise @ 0.5 mA 
9.0V 0.4 0.4 V Low Noise @ 0.5 mA 
Vio Output Low Voltage 3.0V 1.0 10 0.8 V Ly = tle mA, 
3 Pin Max [5] 
9.0V 0.8 0.8 0.3 V Ly = tle mA, 
3 Pin Max [5] 
Voreser  COMparator Input  3.0V 29 7 25 10 mV 
Offset Voltage 5.0V 20 20 10 mV 
NG Vig Low Voltage 2./ 2.95 2.1 V @ 1 MHz Max, 
Int. CLK Freq 
Input Leakage 3.0V = 1.0 0 1.0 vA Vy = OV, Vor 
(Input Bias 5.0V -10 1.0 -1.0 1.0 pA Viy= OV, Voc 
Current of 
Comparator) 
a Output Leakage 3.0V 10 1.0 0 1.0 pA w= OV, Voc 
9.0V 1.0 1.0 =1.0 1.0 pA w= OV, Voc 
View; (nput Common 0 Veen 0 Viale V 
Mode Range 


286C07 
A SiLAS PRELIMINARY CMOS 28° MCU 


T,=O0°Cto+70°C)§=—s T, = -40°C to +105°C ~=—s Typical 





Sym _— Parameter Vor Min Max Min Max @25°C ~—=Units ‘Conditions 
lee Supply Current 30V ony She 15 mA All Output and |/0 Pins 
Floating @ 2 MHz 
5.0V 7.0 7.0 3.8 mA All Output and |/0 Pins 
Floating @ 2 MHz 
3.0V 8.0 8.0 3.0 mA All Output and |/0 Pins 
Floating @ 8 MHz 
Dov 11.0 11.0 44 mA All Output and |/0 Pins 
Floating @ 8 MHz 
3.0V 10 10 3.6 mA Ail Output and |/0 Pins 
Floating @ 12 MHz 
5.5V 1S 15 9.0 mA All Output and 1/0 Pins 
Floating @ 12 Mhz 
ie Standby Current 3.0V 2.9 2.9 0.7 mA —_- HALT Mode V,, = OV, 
Veg @ 2 MHz 
5.5V 40 5.0 2.0 mA HALT Mode V,, = OV, 
Veg @ 2 MHz 
3.0V 4.0 4.0 1.0 mA HALT Mode V,, = OV, 
Veg @ 8 MHz 
5.5V 5.0 5.0 3.0 mA HALT Mode V,, = OV, 
Vig @ 8 MHz 
3.0V 45 45 10 mA HALT Mode V,, = OV, 
Veg @ 12 MHz 
5.5V 7.0 7.0 40 . mA HALT Mode V,, = OV, 
Veg @ 12 MHz 
lee Supply Current 3.0V a5 3.5 1 mA All Output and |/0 Pins 
(Low Noise Mode) Floating @ 1 MHz 
5.5V 7.0 7.0 3.8 mA All Output and |/0 Pins 
Floating @ 1 MHz 
3.0V 5.8 5.8 2.5 mA All Output and 1/0 Pins 
Floating @ 2 MHz 
55V 9.0 9.0 4.0 mA All Output and 1/0 Pins 
Floating @ 2 MHz 
3.0V 8.0 8.0 3.0 mA All Output and 1/0 Pins 
Floating @ 4 MHz 
5.0V 11.0 11.0 44 mA All Output and 1/0 Pins 
Floating @ 4 MHz 


AY Silas PRELIMINARY 
DC ELECTRICAL CHARACTERISTICS (Continued) 


T,=O0°C to+70°C §=—« T, = -40°C to +105°C §~=— Typical 


Sym = Parameter Voc Min Max Min Max @25°C ~——d Units 
le Standby Current 3.0V 1.2 1.2 0.4 mA 
(Low Noise Mode) 
5.0V 1.6 1.6 0.9 mA 
3.0V lio ls 0.5 mA 
5.0V 19 1.9 1 mA 
3.0V 2.0 2.0 0.8 mA 
5.0V 2.4 2.4 0.3 mA 
legs Standby Current 3.0V 10 20 1.0 pA 
9.0V 10 20 1.0 pA 
Notes: 
0 i Peer Typ Max Unit Freq 
Clock Driven 0.3 5.0 mA 8 MHz 
Crystal/Resonator 3.0 5.0 mA 8 MHz 


[2] V5, = OV = GND 

[3] For 2.75V operating, the device operates down to V,,,. The minimum 
operational V., is determined on the value of the voltage V,,, at 
the ambient temperature. The V,,, increases as the temperature 
decreases. 

[4] Vog = 3.0V to 5.5V 


[5] Standard Mode (not Low EMI Mode) 


—_-786C07 
CMOS 28° MCU 


Conditions 


HALT Mode V,, = OV, 
Veg @ 1 MHz 
HALT Mode V,, = OV, 
Veg @ 1 MHz 
HALT Mode V,, = OV, 
Veg @ 2 MHz 
HALT Mode V,, = OV, 
Veg @ 2 MHz 
HALT Mode V,, = OV, 
Veg @ 4 MHz 
HALT Mode V,, = OV, 
Veg @ 4 MHz 


STOP Mode V,, = OV, 
Vg WDT is not Running 
STOP Mode V,, = OV, 
Vig WDT is not Running 


; 286C07 
A Silas PRELIMINARY CMOS 28° MCU 


DC ELECTRICAL CHARACTERISTICS 
Timing Diagrams 


Clock 





IRQ 





Figure 16. Electrical Timing Diagram 
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AC ELECTRICAL CHARACTERISTICS 


Timing Table (Standard Mode) 


No Symbol 

] TpC 

2 TrC, TC 

3 TwC 

4 TwTinl 

s TwiinH 

6 TpTin 

7 TrTin, 
TtTin 

8 TwiL 

9 TwlH 

10 ~—«- Twat 

11 Tpor 

Notes: 


Parameter 


Input Clock Period 


Clock Input Rise 
and Fall Times 


Input Clock Width 
Timer input Low Width 
Timer Input High Width 
Timer Input Period 


Timer Input Rise 
and Fall Timer 


Int. Request Input 
Low Time 


Int. Request Input 
High Time 


Watch-Dog Timer 
Delay Time 


PRELIMINARY 


Voc 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
9.0V 


3.0V 
0.0V 


T, =-40°C to +105°C 


8 MHz 
Min Max 
125 100,000 
125 100,000 
25 
25 

62 

62 

100 

70 

5TpC 

5TpC 

8TpC 

8TpC 
100 
100 

100 

70 

5TpC 

5TpC 
25 
10 
24 
12 


[1] Timing Reference uses 0.7 V_, for a logic 1 and 0.2 V_, for a logic 0. 


[2] Interrupt request through Port 3 (P33-P31). 


12 MHz 
Min Max 
83 100,000 
83 100,000 
15 
15 

4} 

4} 

100 

70 

5TpC 

5TpC 

8TpC 

8TpC 
100 
100 

100 

70 

5TpC 

5TpC 
25 
10 
24 
12 


Units 


Ns 
NS 


ns 
Ns 


Ns 


ns 
ns 


ns 
ns 


ns 
ns 


ms 
ms 


ms 
ms 


— .§ Z86C07 
. CMOS Z8®MCU 


Notes 


[1] 
[1] 


[1] 


[1] 
[1] 


[1] 
[1] 


[1] 
[1] 


[1] 
[1] 


[1,2] 
[1,2] 


[1] 
[1,2] 


[1] 
[1] 


[1] 
[1] 
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Low Noise Version 

Low EMI Emission 

The Z86C07 can be programmed to operate in a Low EMI 
emission mode by means of a mask ROM bit option. Use 
of this feature results in: 


m Less than 1 mA consumed during HALT mode, —0°C 
to +70°C. 


m All pre-driver slew rates reduced to 10 ns typical. 


m Internal SLCK/TCLK operation limited to amaximum of 
4 MHz - 250 ns cycle time. 


m Output drivers have resistances of 200 ohms (typical). 


m Oscillator divide-by-two circuitry eliminated. 


The Low EMI mode Is mask-programmable to be selected 
by the customer at the time the ROM code is submitted. 


EMI Characteristics 


The Z86C07 operating in the Low EMI mode generates 
EMI as measured in the following chart: 


The measurements were made while operating the Z86C07 
in thréé states: (1) Idle condition; (2) static output; (3) 
switched output. 


Near Field EMI Analysis 


Z86C07 Low Noise 
-70 
ae 
SS 
oO 
> 
cH] 
ol 
r r* 
:* acetal 
Pi +. ae as | 
-85 
30-60 140-160 300-400 700-1000 
Frequency (MHz) 


Idle 


Static 
Switch 





Figure 17. Low Noise Analysis 
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AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 


No Symbol 

5 Twink 

6 = Tptin 

7 — Trin, 
TtTin 

8  TwiL 

9  TwiH 

10 Twat 

Notes: 


[1] Timing Reference uses 0.8 V,,, for a logic 1 and 0.2 V., for a logic 0. 


Parameter 


Timer Input High Width 
Timer Input Period 


Timer Input Rise 
and Fall Timer 


Int. Request Input 
Low Time 


Int. Request Input 
High Time 


Watch-Dog Timer 
Delay Time 


Veg 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
9.0V 


3.0V 
5.0V 


3.0V 
5.0V 


3.0V 
9.0V 


[2] Interrupt request through Port 3 (P33-P31). 
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T,= 0°C to +70°C 


1 MHz 
Min Max 


2.01pC 
2.91pC 


4TpC 
ATpC 


100 
100 


100 
70 


2.01 pC 

2.91 pC | 
20 
12 


4 MHz 
Min Max 


2.51 pC 
2.51 pC 


4TpC 
ATpC 


100 
100 


100 
70 


2.51pC 
2.01pC 


25 
12 


T,=—40°C to +105°C 


1 MHz 
Min. Max 


2.5TpC 
2.51 pC 


4TpC 
4TpC 


100 
100 


100 
70 


2.51pC 
2.91 pC 


25 
10 


_ 4MHz 
Min Max 


2.51 pC 
2.51 pC 


4TpC 
ATpC 


100 
100 


100 
70 


2.5TpC 
2.51 pC 


20 


286007 
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Units Notes 


nS 


ns 
ns 


ms 
ms 


[1] 
[1] 


[1] 
[1] 


[1] 
1] 


[1,2] 
[1,2] 


[1] 
[1,2] 


[1] 
1] 
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Z8 CONTROL REGISTER DIAGRAMS 


R241 TMR 
[ez] Pe] 05] p+] oa] v2} p | 00 


No Function 
Load To 


Disable T gCount 
Enable Tg Count 


No Function 
Load Ty 


Disable T { Count 
Enable T 4 Count 


Tin Modes 

00 External Clock Input 
01 Gate Input 

10 Trigger Input 
(Non-retriggerable) 
11 Trigger Input 
(Retriggerable) 


Reserved (Must be 0.) 


Figure 18. Timer Mode Register 
(F1,,: Read/Write) 


R242 T1 


or [oo] os]oeJofoTox oo 


| 


Ty Initial Value 
(When Written) 
(Range 1-256 Decimal 
01-00 HEX) 

Tz Current Value 
(When READ) 


Figure 19. Counter Time 1 Register 
(F2,: Read/Write) 


R243 PRE1 


[br os] [os]os] 02] ooo] 
= Count Mode 


0 T , Single Pass 
1 T 4 Modulo 
Clock Source 
1 T 4 Internal 
O 1 7External Timing Input 
(Tin ) Mode 
Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 20. Prescaler 1 Register 
(F3,,: Write Only) 


R244 TO 


o7 [6] 5} 04 [os [m2] 0% [0 


| 


To Initial Value 

(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

To Current Value 
(When READ) 


Figure 21. Counter/Timer 0 Register 
(F4,,: Read/Write) 


R245 PREO 
EES) 


Count Mode 
0 TgSingle Pass 
1 ToModulo-n 


| or 


Reserved (Must be 0.) 
Prescaler Modulo 


(Range: 1-64 Decimal 
01-00 HEX) 


Figure 22. Prescaler 0 Register 
(F5,,: Write Only) 


R246 P2M 


EE EE 


| 


P2 7- P29 I/O Definition 
0 Defines Bit as OUTPUT 
1 Defines Bit as INPUT 


Figure 23. Port 2 Mode Register 
(F6,: Write Only) 


R247 P3M 


Eee] Poo] oe] oo 


0 Port 2 Pull-Ups Open Drain 
1 Port 2 Pull-Ups Active 

Port 3 Inputs 

0 Digital 

1 Analog 

Reserved (Must be 0.) 


Figure 24. Port 3 Mode Register 
(F7,,: Write Only) 
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Z8 CONTROL REGISTER DIAGRAMS (Continued) 


R248 PO1M 


[p7 | pe] os] | po] oe} 1 [00 


O 
~s 


PQ, - PO, Mode 
00 = Output 
01 Output 


Reserved (Must be 0.) 


; 


Figure 25. Port 0 and 1 Mode Register 
(F8,: Write Only) 


R249 IPR 


p76] 05] o4] 03] ba} D1] bo 


oO 
N 


Interrupt Group Priority 
000 Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111 Reserved 


IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 > IRQ4 
1 IRQ4>IRQ1 


IRQO, IRQ2 Priority (Group B) 
0 IRQ2>IRQO 
1 IRQO > IRQ2 


IRQ3, IRQ5 Priority (Group A) 
0 IRQ5 >IRQ3 
1 IRQ3 > IRQ5 


Reserved (Must be 0.) 


TS 


Figure 26. Interrupt Priority Register 
(F9,,: Write Only) 


R250 IRQ 


[07| bef ns] 04] Daj D2} ot] bo} 


| 


IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P32 Input 
IRQ4 = TO 
IRQ5 =T1 


Reserved (Must be 0.) 


Figure 27. Interrupt Request Register 
(FA,: Read/Write) 


R251 IMR 


7 | ve] 05 | 04} ps] v2} 01 | vo 


| 


1 Enables IRQ5-IRQ0 
(Do = IRQO) 


Reserved (Must be 0.) 


1 Enables Interrupts 


Figure 28. Interrupt Mask Register | 
(FB,,: Read/Write) | 


R252 Flags 


o7 [pe] 05] 4] 3} 02] Ds | bo 


User Flag F1 
User Flag F2 
Half Carry Flag 


i 


Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 


Figure 29. Flag Register 
(FC,: Read/Write) 


R253 RP 


27] Go] | elps lee) e 


Must be 0. 
Register Pointer 


Figure 30. Register Pointer 
(FD,: Read/Write) 


R255 SPL 


p7 |e] 05] 04] ns] pe] D4 [0 


| 


Stack Pointer Lower 
Byte (SPo - SP 7 ) 


Figure 31. Stack Pointer 
(FF,,: Read/Write) 
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Legend: 


12.0 ActiVe@ sess 


Frequency (MHz) 


Figure 32. Maximum |. vs Frequency 


Icc (mA) 





Frequency 
(MHz) 

HALT come os 

Active =——— 


Figure 33. Typical |. vs Frequency 
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DEVICE CHARACTERISTICS (Continued) 
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il 

| 

| 
tH II 
| 

| 

INI A 








I 
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Figure 34. V 


Vcc (Volt) 
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Figure 35. V,,,, V,,, vs Temperature 
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lo. (mA) 


30 


20 


10 
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Figure 36. Typical |,,, vs V,,, 


Y yr 


0.5 


Figure 37. Typical l,, vs V,, 


2.5 








Vo, (Volts) 
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DEVICE CHARACTERISTICS (Continued) 


Time 
(msec) 


40 
30 
20 


10 





2.5 3.0 3.5 40 4.5 5.0 5.5 6.0 
Voltage 


Figure 38. Typical WDT Time Out Period 
vs V,, Over Temperature 
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INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera- 
tions as shown in the instruction summary. 


Symbol 
IRR 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working register address only 
Indirect-register or indirect working- 
register address 

Indirect working-register address only 
Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol 


Meaning 


Destination location or contents 
Source location or contents 
Condition code 

Indirect address prefix 

Stack pointer 

Program counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


PRELIMINARY 


Z86C07 
CMOS Z8®MCU 


Flags. Control register (R252) contains the following six 


flags. 


Symbol 


TU<OANYQ 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


ak 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 
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CONDITION CODES 
Value Mnemonic 
1000 --- 
0111 GC 
se | NC 
0110 Z 
1110 NZ 
1104 PL 
0101 MI 
0100 OV 
1100 NOV 
0110 EQ 
1110 NE 
1001 GE 
0001 LT 
1010 GT 
0010 LE 
aad UGE 
0111 ULT 
1011 UGT 
0011 ULE 
0000 F 
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Meaning 


Always true 
Carry 
No Carry 


Zero 


Not zero 


Plus 

Minus 
Overflow 
No overflow 
Equal 


Not equal 

Greater than or equal 
Less than 

Greater than 

Less than or equal 


Unsigned greater than or equal 
Unsigned less than 

Unsigned greater than 
Unsigned less than or equal 
Never True (Always False) 


__286C07 
CMOS 28° MCU 


= O-+ ++ © oOo-+o- 


OR (S XOR V)] 
Z OR (S XOR V)} 


C=0 

Ca4 

(C =O ANDZ=0) =1 
(C OR Z) = 1 


0 
y 
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INSTRUCTION FORMATS 





OPC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 


dst OPC INC r 


One-Byte Instructions 








MODE CLR, CPL, DA, DEC, ADC, ADD, AND, CP, 
DECW, INC, INCW, D, OR, SBC, SUB, 
L__osvsrc_ J ORL 1110 POP, PUSH, RL. RLC, On ry TCM, TM, XO 
RR, RAC, SRA, SWAP on| 1110 
OPC JP, CALL (Indirect) 
dst oR|1110| ast ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
on[Lt110|  ast_| TCM, TM, XOR 
VALUE 
LD 
opc | MODE. ADC, ADD, AND, CP, oR] 1110 
| dst | OR, SBC, SUB, TCM, 1110 
cite TM, XOR On : 
| MODE | OPC LD, LDE, LDEI, LD 
eet ere 
oR L 1110 uP 
Tan [oe . 
VALUE 
OPC CALL 
dscc | OPC DJNZ, JR DAU 
DAL 
FFH STOP/HALT 
6FH | 7FH 
Two-Byte Instructions Three-Byte Instructions 


Note: Assignment of a value is indicated by the symbol notation “addr (n)" is used to refer to bit (n) of a given 
"---"" For example: operand location. For example: 


dst --- dst + src dst(7) 


indicates that the source data is added to the destination __ refers to bit 7 of the destination operand. 
data and the result is stored in the destination location. The 
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AW Silas PRELIMINARY CMOS Zee MCU 
INSTRUCTION SUMMARY 
Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte(Hex) C Z S$ V DH and Operation dst src Byte(Hex) C ZS V DH 
ADC dst, src i if ] ok kk *& Oo INC dst f rE - * kK - - 
dst<—dst + src +C dste—dst + 1 r=0-F 
R 20 
ADD dst, src T Of ] *k Kk * 0 * IR 14 
dste—dst + src 
INCW dst RR AO - KK #- - 
AND AST ste T of | - FO - -  dgtedst +1 R At 
dst<—dst AND src 
IRET BF kK OK Kk ok 
CALL dst DA D6 a FL AGS<—@SP: 
@sPe PC, PC-@SP: 
PC<—dst SPeSP +2: 
CCF EF oe eae ee IMR(7)<—1 
Ce—-NOTC JP ce, dst DA cD - ee 
CLR dst R BO ES. fy eg ch if cc is true, c=0-F 
dste_0 IR Bt PC<dst IRR 30 
COM dst R 60 -** 0 - - SRcc, dst RA cB oe pera ers 
dste-NOT dst IR 61 if cc is true, c=0-F 
PC<PC + dst 
CP dst, src tT Al ] KOK KK - - Range: +127, 
dst — src —128 
DA dst R 40 ok kk X - - LD dst, src r im ~- = = = = = 
dste—DA dst IR 44 dst«—src r oR (8 
DEC dst R 00 kK - ae 
dst«-dst — 1 IR 01 a OY C7 
DECW dst RR 80 - kK K- - X 6 OD? 
dst—dst — 1 IR 81 r odr BB 
lr or F3 
DI 8F - - = ee R R E4 
IMR(7)<—-0 R IR £5 
DJNZr, dst RA rA Si ee a ase 
1 0—F IR IM €&7 
aoe ae RR FB 
ifr #0 
PC<-PC + dst LDC dst, src r In C2 AY ee eee 
Range: +127, dste—src 
—128 
LDCI dst, src lr Ir C3 - - - - - = 
EI QF Be ee Ae ae dst<e—src 
IMR(7)<—-1 fers tree et 
HALT {F Shee ee es ae AE NOP FP iS ies 26 oho 
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P Z86C07 
A Silas PRELIMINARY CMOS Z8®MCU 
Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte(Hex) C ZS V DH and Operation dst src Byte(Hex) C ZS V DH 
OR dst, src t 4 ] - * * 0 - - STOP 6F J - - - - - 

tedst OR i. 
Roem ae SUB dst, src i 1 ke REI 
POP dst R 50 - = = ee dstc—dst<—src 

t@SP; | a a a a a 
ae : SWAP dst R F0 Xk eX - - 

— IR a 
PUSH sic R 10 os et 7 47s 0| 
SP<SP — 1; IR 71 aad, 

p a a 
esos TCM dst, src i él | See Ue 
RCF CF 0) 2 = =a (NOT ASI) 

C0 AND src 
RET AF - = ee ee TM dst, src T 4 - * #& 0 - - 
PC<—@SP; dst AND src 
eee WOT 5F ee ee 
R 0 Ck Ke KS - a ee 
aoe IR : ten Sea XOR dst, src t B[ | - *# *& QO - - 
dstedst 
XOR sic 
RLC dst R 10 * OK K K - - 
IR 14 t+ These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a ‘[ ]’ 
ae ak. pe OC ee ee in this table, and its value is found in the following table to the left of the 
RR ast R EO Pea aera applicable addressing mode pair. 
——_ EY 
For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 
RRC dst R CO KK KK - - 
IR C1 
Address Mode Lower 
dst src Opcode Nibble 
SBC dst, src il 3 | kok KK 1 OK 
dste—dste-srceC r r [2] 
SCF DF 1 - - - - = r Ir [3] 
Ce 
SRA dst R D0 eee O-- " i [4] 
R DI R IR [5] 
or 
s R IM [6] 
SRP dst lm 31 - - = - - = 
RPesrc IR IM [7] 
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AZILAS PRELIMINARY “oMos ZFeMCU 
OPCODE MAP 


Lower Nibble (Hex) 
A D F 
































2 3 4 5 6 9 
6.5 10.5 | 105 } 105 | 105 |] 65 6.5 |12/10.5}12/10.0] 6.5 zy 
0 | DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD] LD LD |DJNZ| JR LD 
R14 a il es rt, Ir2 |R2,R1 | IR2, R17 R1, IM] IR, IM] rt, R2 | r2,R1 | 11, RA |oc, RA |r, IM 
6.5 6.5 105 | 105 | 105 | 105 
1 RLC nie aac ADC | ADC | ADC | ADC | ADC a 
R1 lh cal E rt, 1r2 |R2,R1 1 IR2, R41] R1,IM 4 1R1, IM 
6.5 6.5 105 | 105 | 105 | 105 
2 INC nc sia SUB | SUB | SUB | SUB | SUB | _ 
R14 IR1 | rt,r2 | rt, tr2 | R2,R1 | IR2, R41] R41, 1M] IR1, IM 
80 | 61 6.5 65 | 105 | 105 | 105 | 105 _ 
3 JP | SRP | sBC | sBC | SBC | SBC | SBC | SBC 
IRR1 | IM r1, 12 IR2,R1] R1,IM/IR1, IM 
8.5 8.5 6.5 6.5 105 | 105 | 105 | 105 
aE = 
R1 IR1 il ie ri, Ir2 | R2, R1 }IR2,R1} R41, IM] IR1, IM 
10.5 | 105 65 | 105 | 105 | 105 | 105 
5 PoP | POP pe AND | AND | AND | AND } AND | WDT 
R14 uk a ie IR2,R1] R41, 1M | IR4, IM 
6.5 65 705 | 105 1 105 1 105 6.0 
6 eg con nae TCM | TCM | TCM | TCM | TCM STOP 
¥ IR4 al E r1, lr2 | R2,R1 JIR2, R17 R1, 1M] 1R4, IM 
x = 12/14.1 6.5 105 | 105 | 105 | 105 
o 7 PUSH | PUSH st ™ ™ ™ ™ ™ 
2 r1,r2 IR2, R1} R41, 1M | IR4, IM 
zZ 10.5 7 105 7 120 | 180 
vests! TTT 
2 RR1 IR1——s tert, Irr2 t r4, irr? | 
6.5 6.5 120 | 18.0 | 
TEST 
R1 IR1 r2, Irrd jlr2, Irrt 
105 | 105 | 65 6.5 105 | 105 | 105 | 105 
A INCW | INCW | CP cP cP cP 
RR1 IR? | rt,r2 | rt, tr2 | R2,R1 IR2, R1] R41, IM] IR4, IM 
6.5 6.5 6.5 6.5 105 | 105 | 105 | 105 
B CLR | CLR | XOR | XOR | XOR | XOR 
IR1 r1,r2 | rt, tr2 | R2,R1 | IR2,R1} R41, IM]IRI, IM 
6.5 12.0 | 18.0 ee 
c RRC } Lpc | LDCI | [ [es 
IR1 rq, irr flr, Irr2 r1,x,R2 
6.5 12.0 | 18.0 | 20.0 20.0 | 10.5 
D SRA CALL* - CALL | LD 
IR1 rq, Irr2 Fir, Irr2 | IRR1 DA |r2,x,R1 
6.5 6.5 10.5 {| 105 | 105 | 105 
SHEAR, 
IR1 r1,1R2|R2,R1 JIR2,R1} R1, IM] IR1, IM 
cele] Le) bl | ip ite 
F |swap| swap LD 
R1 IR1 Int, 12 R2, IR1 | 





Bytes per Instruction 


Lower 


ee Legend: 
ee R = 8-bit Address 
; Nibble 
Execution Pipeline r= 4-bit Address 
Cycles | Cycles Ri or ri = Dst Address 
4 R2 or r2 = Src Address 
Upper 10.5 ; 
Opcode ———eA CP Mnemonic Sequence: 
Nibble R1, R2 Opcode, First Operand, 
Second Operand 
First Second Note: Blank areas not defined. 
Operand Operand 


*2-byte instruction appears as 
a 3-byte instruction 
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PACKAGE INFORMATION 























| 
| MIN | MAX F MIN | | MAX | 
c 
(a | oss [oss | os | a 
10 a | Bi | 14 | 165 | | 045 | 065 | 
E [~c_|e23 [038 | 009 015 
ea | asa | ao Te 
eA eA 7.87 8.89 310 350 
erase [set] ies] iso] 


| am | ise | 165 [060 | 065 _| 
| s_ | oes | 16s [035 | 65 | 






CONTROLLING DIMENSIONS +: INCH 





18-Pin DIP Package Diagram 









a [INCH 

| MIN [MAX 

A A | 094 | 104 
| 004 | oe | 

oss | 096 | 

< e SEATING PLANE “or | oe | 
| 449 | 463 

| 2 | 299 | 

CONTROLLING DIMENSIONS | MM | 








LEADS ARE COPLANAR WITHIN .004 INCH. 





o 
rer 


18-Pin SOIC Package Diagram 
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A SILAS PRELIMINARY i eMos 2 aC 
ORDERING INFORMATION 


Z86C07 
8 MHz 12 MHz 
Z86C0708PSC Z86C0712PSC 
Z86C0708PEC Z86C0712PEC 
Z86C0708SSC 


For fast results, contact your local Zilog sale offices for assistance in ordering the part desired. 


Package | 
P = Plastic DIP 
S = SOIC 


Temperature 
E = -40°C to + 105°C 
S = 0°C to 70°C 


Speeds 
08 = 8 MHz 
12 = 12 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 86007 08 P S$ C is a Z86C07, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 


= 





Introduction 


Z86C07 Z8° CMOS 
8-Bit Microcontroller 


Z86C608 Z8° CMOS 
8-Bit Microcontroller 


Z86E08 Z8° CMOS 8-Bit 
OTP Microcontroller 


286611 Z8° CMOS 
Microcontroller 


286012 Z8® CMOS 
In-Circuit Emulator MCU 


286621 Z8° CMOS 
8K ROM Microcontroller 
































FEATURES 

m@ 98-Bit CMOS Microcontroller 

m 18-Pin DIP, and 18-Pin SOIC Package 

m Low Cost 

m 3.0V to 5.5V Operation Range 

m Low Power Consumption; 50 mW (Typical) 
m = Brown-Out Protection 

m Fast Instruction Pointer; 1 us @ 12 MHz 

m Two Standby Modes - STOP and HALT 

m 14 Input/Output Lines 


m™ Three Digital Inputs at CMOS Levels 


GENERAL DESCRIPTION 


The Z86C08 Microcontroller Unit (MCU) introduces a new 
level of sophistication to single-chip architecture. The 
Z86C08 is amember of the Z8 single-chip microcontroller 
family with 2 Kbytes of ROM and 124 bytes of general- 
purpose RAM. The device Is packaged in 18-pin DIP, and 
18-pin SOIC, and is manufactured in CMOS technology. 
The Zilog Z86C08 offers all the outstanding features of the 
Z8 family architecture, and easy software/hardware 
system expansion along with low cost, low power con- 
sumption. 


The Z86C08 is characterized by a flexible I/O scheme, an 
efficient register and address space structure, and a 
number of ancillary features that are useful in many con- 
sumer, industrial and advanced scientific applications. 





PRODUCT SPECIFICATION 


286008 


CMOS Z8°® 8-BiT 
MICROCONTROLLER 


m Eleven Digita! Inputs at CMOS Levels; 


schmitt-Triggered 
m 2Kbytes of ROM 
m 124 Bytes of RAM 


m Jwo Programmable 8-Bit Counter/Timers Each 
with a 6-Bit Programmable Prescaler. 


m Six Vectored, Priority Interrupts from 
Six Different Sources 


m Clock Speeds 8 and 12 MHz 
m Watch-Dog/Power-On Reset Timers 
m TwoComparators with Programmable InterruptPolarity. 


m On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive. 


For applications which demand powerful I/O capabilities, 
the Z86C08 provides 14 pins dedicated to input and 
output. These lines are grouped into three ports, and are 
configurable under software control to provide |/O, timing, 
and status signals. 


There are two basic address spaces available to support 


this wide range of configurations, Program Memory, and 
124 bytes of general-purpose registers. 
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Z86C08 


A Silas 78°8-Bit MCU 
GENERAL DESCRIPTION (Continued) 





To unburden the program from coping with real-time tasks Notes: 

such as counting/timing and I/O datacommunications, the All Signals with a preceding front slash, "/", are active Low, e.g.: 
Z86C08 offers two on-chip counter/timers with a large B/W (WORD is active Low), /B/W (BYTE is active Low, only). 
number of user selectable modes. Also, there are two on- 


board comparators that can process analog signals with a Power connections follow conventional descriptions below: 


common reference voltage (Figure 1). Connection Circuit Device 
Power Voc Vop 
Ground GND de 
Input Vec GND XTAL 


Machine 


Port 3 Timing & Inst. 


Control 


Prg. Memory 
2048 x 8-Bit 
Program 
Counter 






Counter/ 
Timers (2) 





Interrupt. 
Control 








Two Analog 
Comparators 


Register 
Pointer 
Register File i 
144 x 8-Bit 





/O /O 
(Bit Programmable) | 


Figure 1. Functional Block Diagram 
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; 786C08 
A Silas 78°8-Bit MCU 
PIN DESCRIPTIONS 





Table 1. 18-Pin DIP Identification 


P24 P23 $$$ 
P25 poo Pin# Symbol Function Direction 
P26 P21 1-4 P24-P27 Port 2, Pins 4, 5, 6, 7 In/Output 
P97 P20 5 os Power Supply 
6 XTAL2 Crystal Oscillator Clock Output 
VCC GND 7 XTAL1 Crystal Oscillator Clock Input 
XTAL2 PoQ2 8 P3t Port 3, Pin 1, AN1 Input 
XTAL1 P01 9 P32 Port 3, Pin 2, AN2 Input 
P31 P00 10 P33 Port 3, Pin 3, REF Input 
11-13 POO-PO2 Port 0, Pins 0, 1, 2 In/Output 
P32 P33 14. GND ~~ Ground 





15-18 P20-P23 Port 2, Pins O, 1, 2,3 In/Output 


Figure 2. 18-Pin DIP Configuration 








P24 P23 
P25 P22 
P26 P21 
P27 P20 
Z86C08 
Vcc SOIC GND 
XTAL2 P02 
XTAL1 PO1 
P31 POO 
P32 P33 
Figure 3. 18-Pin SOIC Pin Configuration 
Table 2. 18-Pin SOIC Pin Identification 
Pin # Symbol Function Direction Pin # Symbol Function Direction 
1-4 P24-P27 Port 2, Pins 4,5,6,7 In/Output 9 P32 Port 3, Pin 2, AN2 Input 
5 = Power Supply 10 P33 Port 3, Pin 3, REF Input 
6 XTAL2 Crystal Oscillator Clock Output 11-13 POO-PO2 Port 0, Pins 0,1,2 In/Output 
7 XTAL1 Crystal Oscillator Clock Input 14 GND Ground 
8 P31 Port 3, Pin 1, AN1 Input 15-18 P20-P23 Port 2, Pins 0,1,2,3 In/Output 
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: | 786C08 
A eiLas _. 78%8-Bit MCU 
PIN DESCRIPTION (Continued) 





XTAL1, XTAL2 Crystal In, Crystal Out (time-based input Port 0 (PO2-P00). Port O is a 3-bit I/O, nibble program- 


and output, respectively). These pins connect a parallel- = mable, bidirectional, CMOS compatible I/O port. These 
resonant crystal, LC, or an external single-phase clock _ three l/O lines can be configured under software control to 
(12 MHz max) to the on-chip clock oscillator and buffer. be an input or output (Figure 4). 


MCU | Port 0 (I/O) 


OEN > 0 


Out ) > O 


1.5 <—» 2.3 Hysteresis Vcc @ 5.0V 


Auto Latch 


/\ 


Figure 4. Port 0 Configuration 
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786C08 
A Silas 78° 8-BiT MCU 


Port 2 (P27-P20). Port 2 is an 8-bit I/O, bit programmable, input or output, independently. Bits programmed as out- 
bidirectional, CMOS compatible I/O port. These eight |/O puts may be globally programmed as either push-pull or 
lines can be configured under software control to be an open-drain (Figure 5). 


MCU Port 2 (I/O) 


Open Drain 


Open > O i: ° 





PAD 


Out —} > 


1.5 <«—> 2.3 Hysteresis Vcc @ 5.0V 


R = 500 kQ 


e <q ry <i | Auto Latch 
I 1 


Figure 5. Port 2 Configuration 
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ASILAS 
PIN DESCRIPTION (Continued) 
Port 3 (P33-P31). Port 3 is a 3-bit, CMOS compatible port 


with three fixed input (P33-P31) lines. These three input 
lines can be configured under software control as digital 


R247 = P3M 





DIG. 


PAD 
| P31 (AN1) 
| a AN. 


PAD 
aad P32 (AN2) 
esd P33 (REF) 


PAD 


lie 


Vcc 


eget areas ° 


e alle aii Se 


786C08 
78°8-Bit MCU 


inputs or analog inputs. These three input lines can also be 
used as the interrupt sources IRQO-IRQ3 and as the timer 
input signal (T,,,) (Figure 6). 


Port 3 


1 = Analog 
0 = Digital 


> 


P31 
Data Latch 
IRQ, Tin 


IRQ3 

P32 

Data Latch 
IRQO 


P33 
Data Latch 
IRQ1 


IRQ 0,1 ,2 = Falling Edge Detection 
IRQ3  =Rising Edge Detection 


Figure 6. Port 3 Configuration 


Comparator Inputs. Two analog comparators are added 
to Port 3 inputs for interface flexibility. 


Typical applications for the on-board comparators are: 
Zero crossing detection, A/D conversion, voltage scaling, 
and threshold detection. 


The dual comparator (common inverting terminal) features 
a single power supply which discontinues power in STOP 
Mode. The common voltage range is 0-4V. 


Interrupts are generated on either edge of comparator 2's 
output, or on the falling edge of comparator 1's output. The 
comparator output may be used for interrupt generation, 
Port 3 data inputs, or T,, through P31. Alternately, the 
comparators may be disabled, freeing the reference input 
(P33) for use as IRQ1 and/or P33 input. 


The Z8 MCU incorporates special functions to enhance the 
Z8's application in industrial, scientific research, auto, 
and consumer applications. 
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A ZiLAS 
FUNCTIONAL DESCRIPTION 


Reset. Upon power-up the Power-On Reset circuit waits 
for 30 usec plus 18 crystal clocks and then starts program 













INT OSC 
POR 
(Cold Start) 
Delay Line 
12 usec 
Vec @ 5.5V 


P27 
(Stop Mode) 


Z86C08 
Z8°8-Bit MCU 


execution at address %000C (Hex ) (Figure 7). Reference 
the Z86C08 control registers' Reset value (Table 3). 


XTAL OSC 








Chip 
Reset 


18 CLK 
Reset Filter 





Figure 7. Internal Reset Configuration 


Table 3. Z86C08 Control Registers 


Addr. Reg 
FI TMR 
F2 T1 

F3 PRE1 
F4 T0 

F5 PREO 
F6* P2M 
F7* P3M 
F8* PO1M 
F9 IPR 
FA IRQ 
PB IMR 
PC FLAGS 
FD RP 

FE SPH 
FF SPL 
*00 Port 0 
*02 Port 2 
03 Port 3 
Note: 


Reset Condition 
D7 D6 D5 D4 D3 D2 D1 DO Comments 


0 00 00 0 0 0 

es: Oe a i. ie a ag 

U UU U U U O 0 

bee UE US Su oy 

Ue U U UU Ue Ud 

1 11 +14 ~=1~=24+=~=«-21+=~«-4 ~~ Inputs after 
reset 

Oe Be Ue EU eI a a8 

Be Ue A Os Oe Be Oe. 4 

U UU U U U U JU 

U UO 0 0 0 0 O  IRQ3Is 
used for 
positive 
edge detec- 
tion 

Gi UE oe oo ae auc 2 

Ue Ue UE Ue US et 

0 00 0 0 0 0 0 

U UU U U U U _ U-~ Notused, 
stack 
always 
internal 

UP). Oe We WS Ue Oo We 2 

Ue WE a a 

We UE Pe ie. 

OM A A a ae. 


* Registers are not reset after a Stop-Mode Recovery using P27 pin. 
Asubsequent reset will cause these control registers to be reconfigured 
as shown in Table 3 and the user must avoid Bus contention on the port 
pins or it may affect device reliability. 


Program Memory. The Z86C08 can address up to 2 
Kbytes of internal program memory (Figure 8). The first 12 
bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. Bytes 0-2048 
are on-chip mask-programmed ROM. 


2048 





Location of On-Chip 
First Byte of 
Instruction 
EX6Cuted). SNE i ee ee ee 
After RESET 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 


(Upper Byte) 


Figure 8. Program Memory Map 
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286008 
28° 8-Bit MCU 





FUNCTIONAL DESCRIPTION (Continued) 


Register File. The Register File consists of three |/O port 
registers, 124 general-purpose registers, and 14 control 
and status registers (RO, R2-R3, R4-R127, and R241- 
R253, and R255, respectively - Figure 9). The Z86C08 
instructions can access registers directly or indirectly 
through an 8-bit address field. This allows short 4-bit 






















Location Indentifiers 

248 Ports 0-1 Mode PO1M 

128 

127 

General Purpose 
Registers 
4 
: 2 


Figure 9. Register File 
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register addressing using the Register Pointer. In the 4-bit 
mode, the register file is divided into eight working register 
groups, each occupying 16 continuous locations. The 
Register Pointer (Figure 10) addresses the starting loca- 
tion of the active working-register group. Upon power-up, 
the general purpose registers are undefined. 





7 r6 5 r4 ra r2 rt 10 R253 


(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


FF 
sit R15 to RO 
FO 


The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 


Specified Working 
Register Group 


= Register Group 1 


R15 to RO 
Register Group 0 R15 to R4 
I/O Ports R3 to RO 





Figure 10. Register Pointer 


AQ ZILA 


Stack Pointer. The Z86C08 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 


Counter/Timer. There are two 8-bit programmable counter/ 
timers (TO and T1), each driven by its own 6-bit program- 
mable prescaler. The T1 prescaler can be driven by 
internal or external clock sources, however the TO can be 
driven by the internal clock source only (Figure 11). 


The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) thathas been loaded into the counter. When both 
counter and prescaler reach the end of count, a timer 
interrupt request IRQ4 (TO) or IRQ5 (T1) is generated. 


Write 










Internal 
Clock 


External Clock 










Clock 
Logic 
6-Bit 
) > Down 
‘ Counter 
Internal Clock 
Gated Clock PRE1 
Triggered Clock Initial Value 
Register 


Tin P31 
. a Write 


* Note: Divide-by-two is not used in Low EMI Mode. 







PREO 
Initial Value 
Register 







6-Bit 
Down 
Counter 


Z86C08 

28° 8-Bit MCU 

The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 


pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counters, but not the prescalers are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter- 
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, atrigger inputthatis retriggerable or not retriggerable, 
or as a gate input for the internal clock. 


Internal Data Bus 













TO 
Initial Value 
Register 


TO 
Current Value 
Register 


8-Bit 
Down 


Counter IRQ4 













8-Bit 
Down 
Counter 


IRQ5 














T1 
Initial Value 
Register 


T1 
Current Value 
Register 


Internal Data Bus 


Figure 11. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Interrupts. The Z86C08 has six interrupts from six different 
sources. These interrupts are maskable and prioritized 
(Figure 12). The six sources are divided as follows: the 
falling edge of P31 (AN1), P32 (AN2), P33 (REF), the rising 
edge of P32 (AN2), and the two counter/timers. The Inter- 
rupt Mask Register globally or individually enables or 
disables the six interrupt requests (Table 4). 


When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con- 
trolled by the Interrupt Priority register. All Z86C08 inter- 
rupts are vectored through locations in program memory. 
When an Interrupt machine cycle Is activated, an interrupt 
request is granted. This disables all subsequent inter- 
rupts, saves the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter- 
rupt service routine for that particular interrupt request. 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. 


Table 4. Interrupt Types, Sources, and Vectors 


Source Name Vector Location Comments 
AN2(P32) IRQO 0,1 External (F)Edge 
REF(P33) IRQ1 2,3 External (F)Edge 
AN1(P31) IRQ2 4,5 External (F)Edge 
AN2(P32) IRQ3 6,7 External (R)Edge 
TO IRQ4 8,9 Internal 

T1 IRQ5 10,11 Internal 

Notes: 


F = Falling edge triggered 
R = Rising edge triggered 


IRQO - IRQ5 


Global 
Interrupt 
Enable 


interrupt 
Request 





Vector Select 


Figure 12. Interrupt Block Diagram 


2-10 


® 2iLAS 


Z86C08 
28° 8-Bit MCU 





Clock. The Z86C08 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 12 MHz max, with a series resistance (RS) less than or 
equal to 100 Ohms. 


Thecrystal should be connected across XTAL1 and XTAL2 
using the vendor's crystal recommended capacitors (ca- 
pacitance is between 10 pF to 250 pF which depends on 
the crystal manufacturer, ceramic resonator and PCB 
layout) from each pin directly to device Ground pin 14 
(Figure 13). 


Note that the crystal capacitor loads should be connected 
to Vgg, pin 14 to reduce Ground noise injection. 

HALT Mode. Turns off the internal CPU clock but not the 
crystal oscillation. The counter/timers and external inter- 
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The 
device can be recovered by interrupts, either externally or 
internally generated. The program execution begins at 
location OOOC (HEX). An interrupt request must be ex- 
ecuted (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 


STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 pA. The STOP Mode can be released by two 
methods. The first method is a RESET of the device by 
removing V.,. The second method is if P27 is configured 
as an input line when the device executes the STOP 
instruction. A low input condition on P27 releases the 
STOP Mode. 





Ceramic 
Resonator 
or Crystal 


LC Clock 


Program execution under both conditions begins at loca- 
tion OOOC (Hex). However, when P27 is used to release the 
STOP Mode, the I/O port mode registers are not 
reconfigured to their default power-on conditions. This 
prevents any I/O, configured as output when the STOP 
instruction was executed, from glitching to an unknown 
state. To use the P27 release approach with STOP Mode, 
use the following instruction: 


OR P2M, #80H 
NOP 
STOP 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode = FFH) immediately before the 
appropriate sleep instruction. i.e.: 


FF NOP ; Clear the pipeline 
6F STOP ; enter STOP mode 
or 
FF NOP ; Clear the pipeline 
7F HALT - enter HALT mode 


Watch-Dog Timer (WDT). The Watch-Dog Timer is en- 
abled by instruction WDT. When the WDT is enabled, it 
cannot be stopped by the instruction. With the WDT 
instruction, the WDT should be refreshed once the WDT 
is enabled within every 10 usec; otherwise, the Z86CO08 
resets itself. The WDT instruction affects the Flags accord- 
ingly: Z=1,S=0,V=0. 


WDT = 5F (Hex). 


XTAL1 XTAL1 
XTAL2 XTAL2 
External Clock 
x = Use pin 14. 


Figure 13. Oscillator Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 


Opcode WDT (5FH). The first time opcode 5FH is ex- 
ecuted, the WDT is enabled, and subsequent execution 
clears the WDT counter. This has to be done at least every 
10 usec. Otherwise, the WDT times out and generates a 
Reset. The generated Reset is the same as a Power-On 
Reset of T,,, wsec +18 XTAL clock cycles. The WDT does 
not work in STOP Mode. The WDT is disabled during and 
after a Reset, until the WDT is enabled again. 


Opcode WDH (4FH). When this instruction is executed it 
will enable the WDT during HALT. If not, the WDT will stop 
when entering HALT. This instruction does not clear the 
counters, it just makes It possible to have the WDT function 
running during HALT Mode. A WDH instruction executed 
without executing WDT (5FH) has no effect. 


Brown-Out Protection (V,.). Maximum (V,,,) Conditions: 


Case1 T,= -—40°C, +105°C, Internal Clock Frequency 
equal or less than 1 MHz 
Case2 T,= —40°C, +85°C, Internal Clock Frequency 


equal or less than 2 MHz 


Voc 2.80 
(Volts) 


2.60 





2.40 


2.20 


pt ttt yyy 
Ne tt 
PISA EE 
ERR NEREE 
ERE Noe 

PNY 


Note: The internal clock frequency is one-half the external 
clock frequency in standard mode. 


The device will function normally at or above 3.0V under all 
conditions. Below 3.0V, the device functions normally until 
the Brown-Out Protection trip point (V,,) is reached. The 
device is guaranteed to function normally at supply volt- 
ages above the brown-out trip point for the temperatures 
and operating frequencies in Case 1 and Case 2 above. 
The actual brown-out trip point is a function of temperature 
and process parameters (Figure 14). 


2 MHz (Typical) 
Temp  -40°C O°C +25°C +70°C 3 +105°C 


BO 


V 2.95 2.4 2.1 Lad. 1.6 











40 60 80 100 120 £140 
Temperature (°C) 


* Power-On Reset threshold for Vao and 1 MHz internal clock frequency V,, overlap. 


Figure 14. Typical Z86C08 V,,, vs Temperature 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Min Max _ Units 
Mee Supply Voltage” —0.3 +7 V 
Thee Storage Temp —65° ++150° C 
Vy Oper Ambient Temp tT i C 
Notes: 


*Voltages on all pins with respect to GND 
t+ See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 15). 


CAPACITANCE 
T, = GND = OV, f = 1.0 MHz, unmeasured pins to GND 


Parameter Max 

Input Capacitance 10 pF 
Output capacitance 20 pF 
I/O capacitance 2o.OF 


Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 


From Output 
Under Test 


f 150 pF 


Figure 15. Test Load Diagram 
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T,=O0°Cto+70°C §=T,=-40°C to+105°C §= Typical 


Sym _— Parameter V.-[4] Min Max Min Max @25°C Units Conditions Notes 
Max Input Voltage  § 3.0V 12 12 V ly = 200 DA 
9.0V 12 12 V ly = 200 pA 
Vow Clock Input High 3.0V —0.BV,, = Vggt.3 OB Vig = Vict 0.3 i V Driven by External 
Voltage Clock Generator 
SOV 0.BVig = Vogt0.3 OB V,, Vc 0.3 2.8 V Driven by External 


Clock Generator 


Vis Clock Input Low SOV Ver03 “O2Vie- Neos ~O2Ve 0.8 V Driven by External 
Voltage Clock Generator 
JV. VerO3° (O2Ve VieUs. O2Ve. 1.7 V Driven by External 
Clock Generator 
Via Input High Voltage = 3.0V O77 Vi, Vot0.3 7 Vig = Veg 0.3 1.8 V 
SOV OT Vig Vogt0.3 0.7 Vig = Vg 0.8 2.8 V 
Mi Input Low Voltage 3.0V V,.-0.3 0.2Vi,  — Vgg-0.3 0.2 V.. 0.8 V 
KV Ve-0.38 = 0.2V,, = =—Vge 0.3 (0.2 V,,, 1.5 V 
Von Output High Voltage 30V V0.4 Voe0.4 3.0 V oy = 2.0 MA [5] 
90V «V0.4 Vic70.4 4.8 V lay = 2-0 MA [5] 
3.0V V0.4 Veg 0.4 V Low Noise @ 0.5 mA 
90V V0.4 V¢70.4 V Low Noise @ 0.5 mA 
Vag Output Low Voltage 3.0V 0.8 0.8 0.2 V Ly = t4.0 mA [5] 
9.0V 0.4 0.4 0.1 V o. = +4.0 mA [5] 
3.0V 0.4 0.4 V Low Noise @ 0.5 mA 
9.0V 0.4 0.4 V Low Noise @ 0.5 mA 
Vo Output Low Voltage 3.0V 1.0 10 08 V | = +12 mA, 
3 Pin Max [5] 
9.0V 0.8 0.8 0.3 V = +12 mA, 
3 Pin Max [9] 
Voerser  COMparator Input —-3.0V 25 25 10 mV 
Offset Voltage 5.0V 20 20 10 mV 
Ven Veg Brown Out Voltage ae 2.95 2.1 V @ 1 Mhz Max, 
Int. CLK Freq 
li Input Leakage 3.0V =(:0 1.0 -1.0 1.0 PAV, = OV, Vig 
(Input Bias 9.0V = 1.0 =s0 1.0 WAV = OV, Vg 
Current of 
Comparator) 
lo Output Leakage 3.0V -1.0 1.0 =1.0 1.0 HAV = OV, Vig 
9.0V 210 1.0 =1.0 1.0 VA VA = OV, Voc 
Vee 0 i a 0 Vo=9 V 


; 786C08 
A Silas 78° 8-BiT MCU 








T,=O°Cto+70°C =T,=-40°Cto+105°C = Typical 
Sym Parameter Viof41 Min Max Min Max @25°C Units Conditions Notes 
lke Supply Current 3.0V" 30 30 15 mA All Output and |/0 Pins 
Floating @ 2 MHz [5] 
5.5V 7.0 7.0 3:8 mA All Output and 1/0 Pins 
Floating @ 2 MHz [5] 
3.0V 8.0 8.0 3.0 mA All Output and |/0 Pins 
Floating @ 8 MHz [5] 
5.0V 11.0 11.0 44 mA All Output and |/0 Pins 
Floating @ 8 MHz [5] 
3.0V 10 10 3.6 mA All Output and |/0 Pins 
Floating @ 12 MHz (5] 
DOV 15 15 9.0 mA All Output and 1/0 Pins 
Floating @ 12 MHz [5] 
lees Standby Current 3.0V 2.9 2.9 0.7 mA HALT Mode V,, = OV, 
Veg @ 2 MHz [5] 
5.0¥ 4.0 5.0 25 mA HALT Mode V,, = OV, 
Veg @ 2 MHz [5] 
3.0V 40 4.0 1.0 mA HALT Mode V,, = OV, 
Veg @ 8 MHz [5] 
5.0V 5.0 5.0 3.0 mA HALT Mode V,, = OV, 
Veg @ 8 MHz [5] 
3.0V 45 4.5 ie mA HALT Mode V,, = OV, 
Veg @ 12 MHz [5] 
5.5V 7.0 7.0 4.0 mA HALT Mode V,, = OV, 
Veg @ 12 MHz [5] 
lke Supply Current 3.0V 30 30 1.5 mA All Output and 1/0 Pins 
(Low Noise Mode) Floating @ 1 MHz 
5.5V 7.0 7.0 3.8 mA All Output and 1/0 Pins 
Floating @ 1 MHz 
3.0V ene 5.8 2.5 mA All Output and 1/0 Pins 
Floating @ 2 MHz 
5.5V 9.0 9.0 40 mA All Output and 1/0 Pins 
Floating @ 2 MHz 
3.0V 8.0 8.0 3.0 mA All Output and |/0 Pins 
Floating @ 4 MHz 
5.5V 11.0 11:0 44, - mA All Output and 1/0 Pins 
Floating @ 4 MHz 
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T,=0°Cto+70°C +T,=-40°Cto+105°C —Typical 


Sym Parameter Vee [4] = Min Max Min Max @25°C Units Conditions 
lai Standby Current 3.0V 1.2 1.2 0.4 mA HALT Mode V,,= OV, 
(Low Noise Mode) Veg @ 1 MHz 
9.0V 1.6 1.6 0.9 mA HALT Mode V,, = OV, 
Veg @ 1 MHz 
3.0V 1.5 1.5 0.9 mA HALT Mode V,, = OV, 
Veg @ 2 MHz 
9.0V 1.9 Pe, 1 mA HALT Mode V,, = OV, 
Veg @ 2 MHZ 
3.0V 2.0 2.0 0.8 mA HALT Mode V,, = OV, 
Veg @ 4 MHz 
9.0V 2.4 2.4 0.3 mA HALT Mode V,, = OV, 
Vig @ 4 MHz 
lies Standby Current 3.0V 10 20 1.0 pA STOP Mode V,, = OV, 
Vig WDT is not Running 
9.0V 10 20 1.0 pA STOP Mode V,, = OV, 
Vo¢ WDT is not Running 
lie Auto Latch Low 3.0V 6.0 8.0 3.0 yA OV<Vi< Veo 
Current 
9.0V 22 30 16 yA OV<Vi< Veo 
i Auto Latch High 3.0V | —4.0 -9.0 “1.5 yA OV SVs Vee 
Current 
9.0V -12.0 -20 -8.0 pA OV<V.< Vie 
Notes: 
ET) hag Typ Max Unit Freq 
Clock Driven 0.3 5.0 mA 8 MHz 
Crystal/Resonator 3.0 5.0 mA 8 MHz 


[2] V5 = OV = GND 

[3] For2.75V operating, the device operates down to V,,,. The minimum 
operational V,,. is determined on the value of the voltage V,, at 
the ambient temperature. The V,,. increases as the temperature 
decreases. 

[4] V,, = 3.0V to 5.5V 


[5 


or 


Standard Mode (not Low EMI mode) 


Z96C08 
A Silas 78° 8-Bit MCU 
AC ELECTRICAL CHARACTERISTICS 





Clock 





IRQ 





Figure 16. AC Electrical Timing Diagram 
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AC ELECTRICAL CHARACTERISTICS 
Timing Table (Standard Mode) 


T,= 0°C to +70°C T,= 40°C to +105°C 
8 MHz 12 MHz 8 MHz 12 MHz 

No Symbol Parameter Voc Min) Max Min Max Min Max Min Max _ Units Notes 
1 TpC Input Clock Period 3.0V 125 100,000 83 100,000 125 100,000 83 100,000 ns [1] 
5.0V 125 100,000 83 100,000 125 100,000 83 100,000 ns [1] 
2  TrC,TfC Clock Input Rise 3.0V 25 15 25 15 ns [1] 

and Fall Times 5.0V 20 15 20 15 ns 
3. TwC Input Clock Width 3.0V = 62 4] 62 44 [1] 
5.5V «62 4] 62 44 ns [1] 
4 TwiinL — Timer |nputLow Width 3.0V 100 100 100 100 ns 1] 
5.0V 70 70 70 70 ns [1] 
5  Twlind — Timerinput High Width  3.0V 5TpC 5TpC 5TpC 5TpC [1] 
5.5V 5TpC 5TpC 5TpC 5TpC (1] 
6 = Tptin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC [1] 
5.5V ~—s BT pC 8TpC 8TpC 8TpC [1] 
7 — ‘TrTin, Timer Input Rise 3.0V 100 100 100 100 ns (1] 
TtTin and Fall Timer 5.5V 100 100 100 100 ns [1] 
8 = TwiL Int. Request Input 3.0V 100 100 100 100 ns [1,2] 
Low Time 5.5V 70 70 70 70 ns [1,2] 
9 TwiH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC [1] 
High Time 5.0V oT pc 5TpC 5TpC 5TpC [1,2] 
10 Twat Watch-Dog Timer 3.0V 20 25 20 20 ms [1] 
Delay Time 5.5V 12 12 10 10 ms [1] 
11 Tpor 3.0V 24 24 24 24 ms [1] 
5.5V 12 12 12 12 ms [1] 

Notes: 


[1] Timing Reference uses 0.7 V,, for a logic 1 and 0.2 V,,, for a logic 0. 
[2] Interrupt request through Port 3 (P31-P33). 


2-18 


A 2iLds 


AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 


No Symbol 

5 TwiinH 

6 =‘ TpTin 

7 — Trfin, 
TtTin 

8  TwiL 

9  TwlH 

10 Twadt 

Notes: 


[1] Timing Reference uses 0.7 V,,, for a logic 1 and 0.2 V_, for a logic 0. 


Parameter 


Timer Input High Width 
Timer Input Period 
Timer Input Rise 


and Fall Timer 


Int. Request Input 


Low Time 


Int. Request Input 


High Time 


Watchdog Timer 


Delay Time 


V 


cc 
3.0V 
9.0V 


3.0V 
0.0V 


3.0V 
9.0V 


3.0V 
0.0V 


3.0V 
JV 


3.0V 
9.0V 


[2] Interrupt request through Port 3 (P31-P33) 


T,= 0°C to +70°C 


1 MHz 


Min Max 


2.51pC 
2.91pC 


ATpC 
4TpC 


100 
100 


100 
70 


2.o1pC 
2.01 pC 


25 
12 


4 MHz 
Min Max 


2.91 pC 
2.51 pC 


4TpC 
4TpC 


100 
100 


100 
70 


2.51 pC 
2.51 pC 


25 
12 


= 40°C to +105°C 


1 MHz 


Min Max 


2.91 pC 
2.01 pC 


ATpC 
ATpC 


100 
100 


100 
70 


2.51 pC 
2.01 pC 


20 
10 


4 MHz 
Min Max 


2.91 pC 
2.01 pC 


ATpC 
ATpC 


100 
100 


100 
70 


2.51pC 
2.51 pC 


20 
10 


Z86C08 
Z8® 8-BiT MCU 
Units Notes 
[1] 
(1] 
[1] 
[1] 
ns [1] 
ns (1] 
ns [1,2] 
ns [1,2] 
[1] 
[1,2] 
ms [1] 
ms [1] 
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LOW NOISE VERSION 


Low EMI Emission 
The Z86C08 can be programmed to operate in a Low EMI 
emission mode by means of a mask ROM bit option. Use 
of this feature results in: 


m Less than 1 mA consumed during HALT mode, —0°C 
to +70°C. 


m All pre-driver slew rates reduced to 10 ns typical. 


m = Internal SLCK/TCLK operation limited toamaximum of 
4 MHz - 250 ns cycle time. 


m Output drivers have resistances of 200 ohms (typical). 


m™ Oscillator divide-by-two circuitry eliminated. 


The Low EMI mode is mask-programmable to be selected 
by the customer at the time the ROM code is submitted. 


EMI Characteristics 


The Z86C08 operating in the Low EMI mode generates 
EMI as measured in the following chart: 


The measurements were made while operating the Z86C08 
in three states: (1) Idle condition; (2) static output; (3) 
switched output. 


Near Field EMI Analysis 
Z86C08 Low Noise 


Peak Level (dBm) 


30-60 140-160 





300-400 700-1000 


Frequency (MHz) 


Idle 


Static 
Switch 





Figure 17. Low Noise Analysis 
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Z8 CONTROL REGISTER DIAGRAMS 


R241 TMR 


er] 02] o5] o«] oo] oe] os] oo 
L 0 No Function 


1 Load To 


Disable T gCount 
Enable To Count 


=O 


No Function 
Load T 1 


0 Disable T . Count 
1 Enable T 4 Count 


Tin Modes 

00 External Clock Input 

01 Gate input 

10 Trigger Input 
(Non-retriggerable) 

11 Trigger Input 
(Retriggerable) 


Reserved (Must be 0.) 


-O 


Figure 18. Timer Mode Register 
(F1,: Read/Write) 


R242 T1 


o7|ps|os 04 [oa] o2]p1 Joo 
a a 


(When Written) 
(Range 1-256 Decimal 
01-00 HEX) 

Ty Current Value 
(When READ) 


Figure 19. Counter Time 1 Register 
(F2,,: Read/Write) 


R243 PRE1 


e7]9e] 55] e«]os]o2]o: Joo] 
hese Count Mode 


0 T¥, Single Pass 
1 T 4 Modulo 


Clock Source 
1 T, Internal 
QO T4 External Timing Input 
(Tin ) Mode 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 20. Prescaler 1 Register 
(F3,: Write Only) 


R244 TO 


[oz [oe] os} 04 [os] pe] 01 [oo 
a) Se 


(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

To Current Value 
(When READ) 


Figure 21. Counter/Timer 0 Register 
(F4,,: Read/Write) 


R245 PREO 


eros] oof os] [oo] oo 


: 


Count Mode 
0 Ty Single Pass 
1 Tp Modulo-n 


Reserved (Must be 0.) 
Prescaler Modulo 


(Range: 1-64 Decimal 
01-00 Hex) 


Figure 22. Prescaler 0 Register 


(F5,,: Write Only) 


R246 P2M 


[pr] p6 Jos | 04 Jo9| 2 [01 [po 


| 


P2 7- P29 I/O Definition 


0 Defines Bit as OUTPUT 


1 Defines Bit as INPUT 


Figure 23. Port 2 Mode Register 
(F6,: Write Only) 


R247 P3M 


eros] =] oo] oa] oe] ooo 


: 


Figure 24. Port 3 Mode Register 
(F7,,: Write Only) 


0 Port 2 Pull-Ups Open Drain 


1 Port 2 Pull-Ups Active 
Port 3 Inputs 

0 Digital 

1 Analog 

Reserved (Must be 0.) 
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Z8 CONTROL REGISTER DIAGRAMS (Continued) 


R248 PO1M 


7] 96 os] 04] bal val 01 | bo 


ir 


P0,- PO 3 Mode 
00 = Output 
01 Output 


Must be 1. 


Reserved (Must be 0.) 


Figure 25. Port 0 and 1 Mode Register 
(F8,,: Write Only) 


R249 IPR 


eros of oo] oe] > [oo 


Interrupt Group Priority 
000 Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>CsA 
101 C>B>A 
110 B>A>C 
111 Reserved 


IRQ1; IRQ4 Priority (Group C) 
0 IRQ1 > !IRQ4 
1 IRQ4>IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2 >IRQO 
1 IRQO>IRQ2 


IRQ3, IRQS Priority (Group A) 
0 IRQ5 > IRQ3 
1 IRQ3 > IRQ5 


Reserved (Must be 0.) 


Figure 26. Interrupt Priority Register 
(F9,,: Write Only) 


R250 IRQ 


107 a] os] D4] Da] ba} 01 Do| 


IRQO = P32 Input J 
IRQ1 = P33 Input J 
IRQ2 = P31 Input J 
IRQ3 = P32 Input T 
IRQ4 = TO 
IRQ5 =T1 


Reserved (Must be 0.) 


Figure 27. Interrupt Request Register 
(FA,: Read/Write) 


R251 IMR 


p7| 06] 05] 04] D3} ba] 01} bo) 


| 


1 Enables IRQ5-IRQO 
(D, = IRQ0) 


Reserved (Must be 0.) 


1 Enables Interrupts 


Figure 28. Interrupt Mask Register 
(FB,,: Read/Write) 


R252 Flags 


}o7 [06 } ps | p4 03 [D2] oJ bo] 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 


Figure 29. Flag Register 
(FC,: Read/Write) 


- 


R253 RP 
[or] 06} ps] 04] os} bz] D1 | Do) 


Reserved (Must be 0.) 
Register Pointer 


Figure 30. Register Pointer 
(FD,,: Read/Write) 


R255 SPL 


[p76] 05 | 04 | 09] 2} | bo 


| 


Stack Pointer Lower 
Byte (SPo - SP7) 


Figure 31. Stack Pointer 
(FF: Read/Write) 
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Legend: 


HALT oom om m= 
Active wasn 





Frequency (MHz) 


Figure 32. Maximum |,,. vs Frequency 


Icc (mA) 


Frequency 
(MHz) 





Active 





Figure 33. Typical |, vs Frequency 


2.93 


Z86C08 


~-788-Bir MCU 


vs Temperature 


Vor 


IL? 


Figure 34. V 





Vcc (Volt) 
Vcc (Volt) 


DEVICE CHARACTERISTICS (Continued) 


Standard Mode 


& 2iLAS 


5.5V 














120 





AA 
A 
RTT 

| 


100 





80 


60 


TEL 
ANA A 
MN UA 
HOE RA 
cn 
UE 


40 


20 





-20 
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Lee ee 
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Figure 35. V,,, V.,, vs Temperature 


Von VS TEMP ms mms 
Vs Temp | 


Vin 
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Io, (mA) 


20 


10 


Figure 36. Typical |,,, 


Figure 37. Typical |, 


vs Vou 


vs Vo. 








Vo, (Volts) 


Z86C08 
28° 8-BiT MCU 
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DEVICE CHARACTERISTICS (Continued) 
Standard Mode 


Time 
(msec) 


40 
30 
20 


10 





2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Voltage 


Figure 38. Typical WDT Time Out Period 
vs V,, Over Temperature 
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INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera- 
tions as shown in the instruction Summary. 


Symbol 
IRR 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working register address only 
Indirect-register or indirect working- 
register address 

Indirect working-register address only 
Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol 


Meaning 


Destination location or contents 
Source location or contents 
Condition code 

Indirect address prefix 

Stack pointer 

Program counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Flags. Control register (R252) contains the following six 


flags. 


Symbol 


TO<OANYQ 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


— 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 
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2 Z86 
AZILAS eee MU 
CONDITION CODES 





Value Mnemonic Meaning Flags Set 

1000 --- Always true --- 

0111 C Carry Cea 

1111 NC No Carry C=0 

0110 Z Zero Z| 

1110 NZ Not zero Z=0 

1101 PL Plus oO 

0101 MI Minus Se 

0100 OV Overflow eo 

1100 NOV No overflow V=0 

0110 EQ Equal Z=1 

1110 NE Not equal ZL) 

1001 GE Greater than or equal (S XOR V) = 0 

0001 LT Less than (S XOR V) = 1 

1010 GT Greater than [Z OR (S XOR V)] = 0 
0010 ES ae Less than or equal [Z OR (S XOR V)] = 1 
pa UGE Unsigned greater than or equal C=0 

0111 ULT Unsigned less than Cs 

1011 UGT Unsigned greater than (C=O AND Z=0)=1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 

0000 P Never true (always false) --- 
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; 786C08 
cILGis 78° 8-Bit MCU 


oD 





OPC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 


| dst | OPC INC r 


One-Byte Instructions 


OPC 


dst/src 


MODE CLR, CPL, DA, DEC, 

actiere DECW, INC, INCW, 

omen POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
OR{ 1110] src | tom tM, xoR 


GES 
OR dst 
[A110 





O 
D 


OPC JP, CALL (Indirect) 


dst OR? 1110 dst 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
OR] 1110 dst TCM, TM, XOR 





VALUE 
LD 
OPC | MODE ADC, ADD, AND, CP, oR| 1110 
et OR, SBC, SUB, TCM, 1110 | dst | 
Ss src TM, XOR OR 
| MODE | OPC LD, LDE, LDEI, LD 
cn 
orn [1110 uP 
VALUE 
OPC CALL 
dst/CC | OPC DJNZ, JR DAU 
FFH STOP/HALT 
6FH 7FH 
Two-Byte Instructions Three-Byte Instructions 


INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol! notation "addr (n)" is used to refer to bit (n) of a given 
"---", For example: operand location. For example: 


dst --- dst + src dst(7) 


indicates that the source data is added to the destination __ refers to bit 7 of the destination operand. 
data and the result is stored in the destination location. The 
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. 786C08 
A SILAS Re. MCU 
INSTRUCTION SUMMARY (Continued) 





Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte(Hex) C ZS V DH and Operation dst src Byte(Hex) C ZS V DH 
ADC dst, src T Ti] * kk KO * INC dst [ rE At ROSE Aer can = 
dste—dst + src +C dstdst + 1 r=0-F 
ADD dst, src T O[ ] kk kK KO * 7 1 
dstedst + src 
oo SINC Wt RR AO - * kw - - 
AND dst, sic t tJ ~ KO = -  Astedst +1 R At 
dstedst AND src 
—— IRET BF kk ok ok ok 
CALL dst DA D6 ee FLAGS<-@SP: 
@SPePC, PC<@SP: 
heed SPe-SP + 2; 
CCF EF ee, ES de ae be IMR(7)<—1 
CNOTC JP ce, dst DA eD Sy ea ed 
CLRdst 3 83=2 93R BO - - - - - - Htc is true, c=0-F 
dste—0 IR BY PC—dst IRR 30 
COM dst R 60 -**k 0 - - rine RA os 2 aS 
dste_NOT dst IR 61 PCe_PC 4 det 
CP dst, src T A[ ] KK KK - - Range: +127, 
dst — src —128 
DA dst R 40 * * KX - - LD dst, src r Im - - - = = = 
dsteDA dst IR 4] dstesrc r =O R 8 
DEC dst R 00 - * KK - - ae he 
dstdst = 1 IR 01 r X C7 
DECW dst RR 80 - ke K- - X r Df 
dstedst — 1 IR 81 rood BB 
Se a Ieee eee et lr of F3 
DI 8F - - - - - = R R E4 
IMR(7)<-0 R IR &5 
DJNZr, dst RA (A - - - = - = i ¥ 
Saale, PvE R RFS 
ifr #0 
PC<PC + dst LDC dst, src r Ir C2 - - = = - = 
Range: +127, dste—src 
—128 a ee a a ne ee ne eee 
a t—<‘<«isé‘«CMLS@WSC TL. dt, src lr Ir 8 - - = = = = 
EI OF Se aes dstesrc 
IMR(7)—1 ror + 1rerr + 1 


HALT 7F - - - - - = NOP FF fee ari 
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D 
t 
el 


Instruction 
and Operation 


OR dst, src 
dstdst OR src 


POP dst 
dste@SP: 
SP<SP + 1 


PUSH src 
SP<SP — 1; 
@SPesric 


RCF 
C—0 


RET 
PC<-@$P; 
SP<—SP +2 


RL dst 


SBC dst, src 
dst~dstesrce—C 


SCF 
C1 


SRA dst 
7] 0} 
k= 


SRP dst 
RPesic 


Address 
Mode 
dst src 


t 


Im 


Opcode 
Byte (Hex) 
Al | 


30 
o1 


70 
1 


CF 


AF 


90 
91 


10 
ie 


EO 
E1 


CO 
C1 


DF 


DO 
D1 


31 


Address 
Flags Affected Instruction Mode Opcode Flags Affected 
C ZS VODH and Operation dst src Byte(Hex) C ZS V DH 
- * * 0 - - STOP 6F 1 ----- 
SUB dst, src 7; 7 Te kok KK 1 OK 
- 2 5 ee = dst—dst<-src 
SWAP dst R FO X * #*& X - - 
IR F1 
eae, 
TCM dst, src T 6[ | - &* *& 0 - - 
Oe Pa ee - NOT ast) 
AND src 
- - - ee TM dst, src T fL] - &* * 0 - - 
dst AND src 
WDH 4F = ee ee 
kK K OK - - $$ 
WDT oF - X X X - - 
XOR dst, src T Bl J - ** 0 - - 
dst<—dst 
KK K K - - 
XOR src 
+ These instructions have an identical set of addressing modes, which 
KK K K - - are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a ‘[ ]’ 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 
KK K K - - ,; 
For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 
kk KK TOK Address Mode Lower 
dst src Opcode Nibble 
Oat Se r [2] 
ae Oy ar r Ir [3] 
R R [4] 
R IR [5] 
R IM [6] 
IR IM [7] 


Z86C08 
Z8°8-Bit MCU 
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786C08 
A SILAS 78°8-Bit MCU 
OPCODE MAP 


Lower Nibble (Hex) 
0 1 2 3 4 5 6 7 8 9 A B Cc D E F 


6.5 6.5 6.5 10.5 10.5 10.5 10.5 6.5 6.5 
0 DEC ADD | ADD ADD | ADD | ADD LD LD 
p R11 ul at = ri, Ir2 | R2,R1 J IR2,R1] R1, IM] IR1, IMJ rt, R2 | r2, R1 
6.5 6.5 10.5 10.5 10.5 10.5 
1 RLC ae sec ADC | ADC | ADC 
R1 me uC. = a = R2, R1 | IR2, Ri} R1, 1M | IR1, IM 
6.5 10,5 10.5 10.5 10.5 
2 INC ie te ae SUB SUB 
R1 IR 1 r1,r2 fri, tr2 | R2, R1 | IR2,R1] R1, IM] IR1, iM 


8.0 6.1 6.5 6.5 10.5 10.5 10.5 10.5 
3 JP SRP SBC |; SBC | SBC | SBC | SBC | SBC 
IM r1,r2_ | rt, tr2 | R2,R1 | IR2, R17 R1, 1M 7 IR1, IM 


oe si pa 10.5 


R1 IR1 H E - ie ms i a e aid IR1, IM 


10.5 | 105 6.5 105 [ 105 | 105 |— 105 

5 POP | POP re AND | AND | AND 

R14 IR1 al 2 r1, Ir2 | R2,R1 |IR2,R1] R41, IM} IR1, IM 

6.5 6.5 6.5 10.5 7 105 | 10.5 | 10.5 

6 eae COM ae TCM | TCM TCM 

IR1 4 2 r,ir2 | R2,R1 JIR2,R1] R41, IM} IR1, IM 

ws 12/14.1 6.5 10.5 ie gs 10.5 

7 PUSH | PUSH ™ ™ ™ 

HW e ms i a ai IR1, 1M 

See a 
8 |DECW|DECW] LDE | LDEI 
RR1 IR4— Prd, Irr2 f irt, Irr2 


; 12.0 18.0 
9 RL RL | LDE LDEI 


[R141 fr Irrt | lr2, Irrt 


; | ft 
10.5 10.5 6.5 6.5 10.5 10.5 10.5 10.5 
RR1 = a = r1,Ir2 | R2,R1 IR2,R1] R1,IMqIR1, IM 
6.5 6.5 10.5 10.5 10:5 10.5 
iIR1 r1,r2 fri, tr2 | R2,R1]IR2,R1} R1, IM]IR1, IM 
12.0 18.0 i 
ERECTILE 
IR1 rd, Irr2 | ird, Irr2 r1,x,R2 
12.0 18.0 20.0 20.0 10.5 
D San na CALL* || CALL LD 
R1 IR1 rd, Irr2 jirt, Irr2} IRR1 DA |r2,x,R1 
6.5 6.5 6.5 10.5 10.5 10.5 10.5 
E - RR = LD LD LD LD LD 
IR14 rt, ae R2,R1 JIR2, R1} R1, IM] IR1, IM 
8.5 8.5 te 
Feb e Lelie la 
R1 IR14 Irt, r2 R2, IR1 


Bytes per Instruction 


Upper Nibble (Hex) 


— 1 — 1 oO 





bei! Legend: 
puis R = 8-bit Address 
Nibble 
Execution Pipeline r= 4-bit Address 
Cycles | Cycles R1 or r1 = Dst Address 
4 R2 or r2 = Src Address 
Upper 10.5 : 
Opcode ———eA CP Mnemonic Sequence: 
Nibble R1. R2 Opcode, First Operand, 
second Operand 
First Second Note: Blank areas not defined. 
Operand Operand 


*2-byte instruction appears as 
a 3-byte instruction 
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PACKAGE INFORMATION 






















: 
| MIN | MAX | MIN | MAX | 

f 

El | a2 | 325 | 343 [ ze [135 | 

f | B | o38 | os3 | os | oat | 

75 rT | pt | 4 [165 | o4s | oes | 
| c | oa3 | o3a | oo | os | 

x | po | 2235 [e337 [| seo [| 920 | 

; 

ae ee 7.87 | 885 | io 350 | 






CONTROLLING DIMENSIONS +: INCH 





18-Pin DIP Package Diagram 












al sven. | eeneteR | 

e FARRAR ia os 
Par | oi | 030 | 004 | o12 | 

az | 224 | 244 | 088 | 096 | 

B seating PLANE = [| 036 | o46 | or [oie 
Fe | 023 | o30 | 009 | o12 | 

Pp | uso | 7s | 449 | 463 | 

Te | 740 | 760 | en | 299 | 

CONTROLLING DIMENSIONS « MM Te | ue7 tye | _ 050 TYP__ 
LEADS ARE COPLANAR WITHIN .004 INCH. mH [1000 | 1065 | 394 | «19 | 

Th | 030 | o4o | ore | oe 

Fe | 960 | 100 | 024 | 039 | 

Par | 097 “[ 107 [ 038 | o42 





18-Pin SOIC Package Diagram 
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A SILAS 
ORDERING INFORMATION 
Z86C08 

8 MHz 12 MHz 
Z86CO0808PSC Z86C0812PSC 
Z86CO808PEC Z86C0812PEC 
Z86CO0808SEC Z86C0812SEC 
Z86CO808SSC Z86C0812SSC 


For fast results, contact your local Zilog sale offices for assistance in ordering the part desired. 


Package 
P = Plastic DIP 
S =SOIC 


Temperature 
E = -40°C to + 105°C 
S = 0°C to 70°C 


Speed 
08 = 8 MHz 
12 = 12 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 86008 08 P S C is a Z86C08, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 


i 


786008 
Z8°8-Bit MCU 
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Introduction 


Z86C07 Z8° CMOS 
8-Bit Microcontroller 


Z86C08 Z8® CMOS 
8-Bit Microcontroller 


Z86E08 Z8° CMOS 8-Bit 
OTP Microcontroller 


Z86C11 Z8° CMOS 
Microcontroller 


286012 Z8° CMOS 
In-Gircuit Emulator MCU 


286621 Z8° CMOS 
8K ROM Microcontroller 



































A SILAS 


FEATURES 

M 8-Bii CMOS Microcontroller 

m 18-Pin DIP Package 

m Low Cost 

m Low Noise Programmable 

m ROM Protect Programmable 

m 4.0V to 5.5V Operating Range 

m Low Power Consumption - 50 mW (Typical) 
m Fast Instruction Pointer - 1 us @ 12 MHz 
m Two Standby wisdes - STOP and HALT 
m 14 Input/Output Lines 


m@ All Digital Inputs, CMOS Levels, Schmitt-Triggered. 


GENERAL DESCRIPTION 


The Z86E08 Microcontroller (MCU) introduces a new level 
of sophistication to single-chip architecture. The Z86E08 is 
amember of the Z8 single-chip microcontroller family with 
2 Kbytes of one-time PROM. The device is housed in an 
18-pin DIP, and is manufactured in CMOS technology. The 
device allows easy software development and debug, 
prototyping, and small production runs not economically 
desirable with a masked ROM version. 


The Z86E08 has a flexible I/O scheme, an efficient register 
and address space structure. Also, it has a number of 
ancillary features that are useful in many consumer, in- 
dustrial and advanced scientific applications. 


PRODUCT SPECIFICATION 


Z86E08 


CMOS 28° 8-BIT 
MICROCONTROLLER 


m 2 kbytes of One Time PROM 
m 144 Bytes of RAM 


m Two Programmable 8-Bit Counter/Timers Each with a 
6-Bit Programmable Prescaler. 


m Six Vectored, Priority Interrupts from Five Different 
Sources. 


m Clock Speeds - 8 and 12 MHz 
m Watch-Dog Timer 

m Power-On Reset 

m Two On-Board Comparators 


m On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive. 


For applications which demand powerful I/O capabilities, 
the Z86E08 provides 14 pins dedicated to input and 
output. These lines are grouped into three ports, and are 
configurable under software control to provide |/O, timing, 
and status signals. 


There are two basic address spaces available to support 


this wide range of configurations; program memory and 
124 bytes of general-purpose registers. 
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A SiLas 
GENERAL DESCRIPTION (Continued) 


To unburden the program from coping with real-time tasks 
such as counting/timing and I/O data communications, the 
Z86E08 offers two on-chip counter/timers with a large 
number of user selectable modes. Included, are two on- 
board comparators that process analog signals with a 
common reference voltage (Figures 1 and 2). 


Input 
Vcc 


Port 3 


Counter/ 
Timers (2) 


Interrupt 
Control 


Two Analog 
Comparators 


Port 2 


/O 
(Bit Programmable) 


Register 
Pointer 


General Purpose 
Register File 
124 x 8-Bit 


Z86E08 CMOS Z8® 
8-Bit MICROCONTROLLER 


Notes: 
All Signals with a preceding front slash, "/", are active Low, e.g.: 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 


Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Voc Vip 
Ground GND ae 
XTAL 
‘GND 










Machine 
Timing & Inst. 
Control 


OTP 
2048 x 8-Bit 


Program 
Counter 
















Figure 1. Functional Block Diagram 


‘ Z86E08 CMOS Z8® 
A cILCb 8-Bit MICROCONTROLLER 












Address MUX 





x< aN 
kK 
Address 2K c= 5s ic 
ee ROM PROT a N 
= D7-DO 
PGM 

Mode Logic 
Clear Clock EPM /CE PGM VPP /OE 
POO PO1 P32 XT1 P02 P33 P31 


Figure 2. EPROM Mode Block Diagram 


PIN DESCRIPTION 
Table 1. EPROM Mode Pin Identification 





1 D3 
Z86E08 EPROM Mode 
Pin# | Symbol Function Direction 2 D2 
1-4 D7-D4 _—— Data 4, 5, 6,7 In/Output 3 ‘a 
5 Veg Power Supply Input 4 DO 
6 N/C No Connection 5 Z86E08 GND 
i ICE Chip Enable Input 
8 /OE Output Enable Input 6 | /PGM 
9 EPM EPROM Prog Mode Input 7 CLOCK 
10 V Prog Voltage Input LEAR 
11 Clear Clear Clock Input is 
12 Clock Address Input 9 Vpp 
13 /PGM Prog Mode Input 
14 GND Ground Input EPROM Mode 
15-18 D3-D0 Data 0,1, 2,3 In/Output 


Figure 3. EPROM Mode Pin Configuration 
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A ZiLAS 
PIN DESCRIPTION 


Table 2. Standard Mode Pin Identification 
Z86E08 Standard Mode 


Pin# Symbol Function Direction 
1-4 P27-P24 Port 2, Pins 4,5, 6, 7 In/Output 
5 Vise Power Supply Input 

6 XTAL2 Crystal Osc. Clock Output 

7 XTAL1 Crystal Osc. Clock Input 

8 PSI Port 3, Pin 1 Input 

9 P32 Port 3, Pin 2 Input 

10 P33 Port 3, Pin 3 Input 
11-138 PO2-POO  PortO, Pins 0, 1, 2 Input/Output 
14 GND Ground Input 
15-18 P23-P20  Port2, PinsO, 1, 2,3 In/Output 


PIN FUNCTIONS 
OTP Programming Mode 


D7-DO Data Bus. The data can be read from, or written to 
the EPROM through this data bus. 


Veg Power Supply. |t is SV during the EPROM Read mode 
and 6V during the other mode. 


ICE Chip Enable (active Low). This pin is active during 
EPROM Read Mode, Program Mode, and Program Verify 
Mode. 


/OE Output Enable (active Low). This pin drives the Data 
Bus direction. When this pin is Low, the Data Bus is output. 
When High, the Data Bus is input. 


Z86E08 CMOS Z8® 
8-Bir MICROCONTROLLER 


amok 


P23 
P22 
P21 
P20 
GND 
P02 
PO1 
POO 
P33 


Z86E08 


2 
3 
4 
5 
6 
7 
8 
9 





Standard Mode 


Figure 4. Standard Mode Pin Configuration 


EPM EPROM Program Mode. This pin controls the differ- 
ent EPROM Program Modes by applying different 
voltages. 


V., Program Voltage. This pin supplies the program volt- 
age. 


Clear Clear (active High). This pin resets the internal 
address counter at the High Level. 


Clock Address Clock. This pin is aclock input. The internal 
address counter increases by one with one clock signal. 


/PGM Program Mode (active Low). Low Level at this pin 
programs the data to the EPROM through the Data Bus. 


. Z86E08 CMOS Z8® 
a LOI 8-BiT MICROCONTROLLER 





Z86E08 Standard Mode 


XTAL1, XTAL2 Crystal In, Crystal Out (time-based input Port 0, P02-P00. Port 0 is a 3-bit bi-directional, CMOS 


and output, respectively). These pins connect a parallel- = compatible |/O port. These three I/O lines can be globally 
resonant crystal, LC, or an external single-phase clock — configured under software control to be an input or output 
(12 MHz max) to the on-chip clock oscillator and buffer. (Figure 5). 


Z86E08 Port 0 (I/O) 





Open ee: 
@ O 


PAD 


Out } 


1.5~a—t 2.3 Hysteresis 


re: 
= ww A < Auto Latch 


tT 2) 





Figure 5. Port 0 Configuration 
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2 Z86E08 CMOS Z8® 
a 2ilLdis 8-BiT MICROCONTROLLER 
Z86E08 Standard Mode (Continued) 
Port 2, P27-P20. Port 2 is an 8-bit, bit programmable, bi- input or output, independently. Bits programmed as out- 


directional, CMOS compatible I/O port. These eight I/O puts can be globally programmed as either push-pull or 
lines can be configured under software control tobe an open-drain (Figure 6). 


Z86E08 


Port 2 (/O) 





Open Drain 


Open > a: A 


PAD 


Ou = 


1.5~a@— 2.3 Hysteresis 


In <4 . 
i | 
| Auto Latch 
| O O | 
| 
| 


Figure 6. Port 2 Configuration 


Z86E08 CMOS Z8° 
A eilLap 8-BiT MICROCONTROLLER 


Port 3, P31-P33. Port 3 is a 83-bit, CMOS compatible port inputs or analog inputs. These three input lines are also 
with three fixed input (P382-P30) lines. These three input used as the interrupt sources IRQO-IRQ3 and as the timer 
lines can be configured under software control as digital input signal (T,, - Figure 7). 





Z86E08 Port 3 


0 = Digital 
R247 =P3M_ 1 = Analog 





iz C IRQ2 
P31 (AN1) AN. 


| 
| 
| 
| 
| 
g v 
PAD Ne 
Ea P32 (AN2) 


PAD ie 
i) P33 (REF) 


IRQ3 
P32 Data 
Latch 
IRQO 


P33 Data 
Latch 


Voc fro ; IRQ1 


IRQ 0,1,2 = Falling Edge Detection 
IRQ3 = Rising Edge Detection 


, P31 
PAD sate a Latch 


Figure 7. Port 3 Configuration 





A SILAS 
Z86E08 Standard Mode (Continued) 


Comparator Inputs. Two analog comparators are added 
to input of Port 3, P31 and P82, for interface flexibility. The 
comparators reference voltage P3REF is common to both 
comparators. 


Typical applications for the on-board comparators; Zero 
crossing detection, A/D conversion, voltage scaling, and 
threshold detection. In analog mode, P33 input functions 
serve as a reference voltage to the comparators. 


The dual comparator (common inverting terminal) features 
a single power supply which discontinues power in STOP 


SPECIAL FUNCTIONS 


The Z8 MCU incorporates special functions to enhance the 
Z8's application in industrial, scientific and advanced 
technologies applications. 


RESET is accomplished through Power-On or a Watch- 
Dog Timer Reset. Upon power-up, the power-on reset 


INT OSC 









POR 
(Cold Start) 


P27 
(Stop Mode) 


Delay Line 
50 msec 


Z86E08 CMOS Z8® 
8-BiT MICROCONTROLLER 


Mode. The common voltage range is 0-4V; the power 
supply and common mode rejection ratios are 90dB and 
6O0dB, respectively. ~~. 


Interrupts are generated on either edge of comparator 2's 
output, or on the falling edge of comparator 1's output. The 
comparator output is used for interrupt generation, Port 3 
data inputs, or T,,, through P31. Alternatively, the compara- 
tors can be disabled, freeing the reference input (P33) for 
use as IRQ1 and/or P33 input. 


circuit waits for 50 usec plus 18 crystal clocks and then 
starts program execution at address OOOC (Hex). Refer- 
ence Table 3 for the Z86E08 control registers’ reset values 
(Figure 8). 


XTAL OSC 


18 CLK 
Reset Filiter 








Chip Reset 






Figure 8. Internal Reset Configuration 


Power-On Reset (POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used for a POR timer 
function. The POR time allows V_,, and the oscillator circuit 
to stabilize before instruction execution begins. The POR 
timer circuit is a one-shot timer triggered by one of the four 
following conditions: 


Power bad to power good status 
Stop-Mode Recovery 

WDT time out 

WDRH time out 
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Watch-Dog Timer Reset. The WDT is a retriggerable one- 
shot timer that resets the Z8 if it reaches its terminal count. 
The WDT is initially enabled by executing the WDT instruc- 
tion and is retriggered on subsequent execution of the 
WDT instruction. The timer circuit is driven by an on-board 
RC oscillator. 


; 786E08 CMOS ZB* 
A) cilLdis 8-BIT MICROCONTROLLER 


Table 3. Z86E08 Control Registers 





Reset Condition 


Addr. Reg. D7 D6 D5 D4 D3 D2 D1 DO Comments 

F1 TMR 0 O O 0 O 0 0 0 

F2 T1 U U U U U U U U 

F3 PRE1 U U U U U U 0 0 

F4 TO U U U U U U U U 

FS PREO U U U U U U U 0 

F6* P2M 1 | | 1 1 1 1 1 Inputs after reset. 

F7* P3M U U U U U U 0 0 

F8* PO1M U U U 0 U U 0 1 

F9 IPR U U U U U U U U 

FA IRQ U U O 0 @) 0 0 0 IRQ3 is used for 
positive edge 
detection. 

PB IMR 0 U U U U U U U 

PC FLAGS U U U U U U U U 

FD RP 0 0 0 0 @) 0 0 0 

FF SPL U U U U U U U U 

Note: 


* Not reset after a Low on P27 to get out of STOP Mode 


Program Memory. The Z8GE08 addresses up to2Kbytes § These locations contain six 16-bit vectors that correspond 
of internal program memory (Figure 9). The first 12 bytesof — to the six available interrupts. Bytes 0O-2048 are on-chip 
program memory are reserved for the interrupt vectors. | one-time programmable ROM. 


2048 





Location of 
First Byte of 
Instruction 
Executed 
After RESET 


Interrupt 
Vector 
(Lower Byte) 


\ Interrupt 
Vector 


(Upper Byte) 


Figure 9. Program Memory Map 
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SPECIAL FUNCTIONS (Continued) 


Register File. The Register File consists of three I/O port 
registers, 124 general purpose registers, and 14 control 
and status registers RO-R3, R4-R127 and R241-R255, 
respectively (Figure 10). General purpose registers oc- 
cupy the 04H to 7FH address space. I/O ports are mapped 
as per the existing CMOS Z8. The Mode and Configuration 
Registers are the same as the Z86CO08. The Z86E08 

















Location Identifiers 
254 GPR 
253 RP 
250 IRQ 

General Purpose 
Registers 
4 
3 Port3 — P3 


Figure 10. Register File 
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instructions can access registers directly or indirectly 
through an 8-bit address field. This allows short 4-bit 
register addressing using the Register Pointer. In the 4-bit 
mode, the register file is divided into eight working register 
groups, each occupying 16 continuous locations. The 
Register Pointer (Figure 11) addresses the starting loca- 
tion of the active working-register group. 





7 r6 5 v4 ra r2 ri 0 | R253 


(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


FF 
—— R15 to RO 
FO 


The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 


a Specified Working 
Register Group 


== Register Group 1 


R15 to RO 
Register Group 0 R15 to R4 
I/O Ports R3 to RO 





Figure 11. Register Pointer 


A SjiLAS 


Stack Pointer. The Z86E08 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 


GPR (R254). This register is a general-purpose register. 


Counter/Timer. There are two 8-bit programmable counter/ 
timers (TO and 11), each driven by its own 6-bit program- 
mable prescaler. The T1 prescaler is driven by internal or 
external clock sources; however, the TO can be driven by 
the internal clock source only (Figure 12). 


The 6-bit prescalers divide the input frequency of the clock 
source by any integer number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When both counter 
and prescaler reach the end of count, a timer interrupt 
request IRQ4 (TO) or IRQ5 (T1) is generated. 


Write 












6-Bit 
Down 


Internal Clock 


External Clock 











Clock 
Logic 
6-Bit 
) > Down 
\ Counter 
Internal Clock 
Gated Clock PRF1 
Triggered Clock Initial Value 
Register 
TIN P31 


Write 






PREO 
Initial Value 
Register 







Counter 


Z86E08 CMOS 28° 
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The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters are 
also programmed to stop upon reaching zero (single pass 
mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divided-by-four, or an external sig- 
nal input through Port 3. The Timer Mode register config- 
ures the external timer input (P30) as an external clock, a 
trigger input that is retriggerable or not retriggerabie, or 
used as a gate input for the internal clock. 


Internal Data Bus 









To To 
Initial Value Current Value 
Register Register 





8-bit 
Down 


Counter IRQ4 















8-Bit 
Down 
Counter 


IRQ5 












T1 
Initial Value 
Register 


T1 
Current Value 
Register 





Internal Data Bus 


Figure 12. Counter/Timers Block Diagram 
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SPECIAL FUNCTIONS (Continued) 


Interrupts. Tne Z86E08 has six interrupts from five differ- 
ent sources. These interrupts are maskable and prioritized 
(Figure 13). The five sources are divided as follows: the 
falling edge of P31 (AN1), P32 (AN2), P33 (REF), and two 
counter/timers. The Interrupt Mask Register globally or 
individually enables or disables the six interrupt requests 
(Table 4). 


When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con- 
trolled by the Interrupt Priority register. All Z86E08 inter- 
rupts are vectored through locations in program memory. 
When an Interrupt machine cycle is activated, an Interrupt 
Request is granted. This disables all subsequent inter- 
rupts, saves the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter- 
rupt service routine for that particular interrupt request. 


Global 
Interrupt 


Interrupt 
Request 





Z86E08 CMOS 28° 
8-BiT MICROCONTROLLER 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. | 


Table 4. Interrupt Types, Sources, and Vectors 


Source Name Vector Location Comments 
AN2(P32) IRQO 0,1 External (F)Edge 
REF(P33) IRQ1 2,3 External (F)Edge 
AN1(P31) IRQ2 4,5 External (F)Edge 
AN2(P32) IRQ3 6,7 External (R)Edge 
TO IRQ4 8,9 Internal 

T1 IRQ5 104 Internal 

Notes: 


F = Falling edge triggered 
R = Rising edge triggered 


IRQO - IRQ5 


Vector Select 


Figure 13. Interrupt Block Diagram 
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Clock. The Z86E08 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any Suitable external clock source. 
The crystal should be AT cut, 12 MHz max, with a series 
resistance (RS) of less than or equal to 100 Ohms. 


XTAL1 
C1 


Vss* 


XTAL2 
C2 


Vss* 





Ceramic Resonator 
or Crystal 


* Device Ground Pin 





LC Clock 


The crystal should be connected across XTAL1 and XTAL2 
using the vendors crystal recommended capacitors (ca- 
pacitance is between 10 pF to 250 pF depending upon the 
crystal manufacturer, ceramic resonator and PCB layout) 
from each pin to device ground pin (Figure 14). 


XTAL1 XTAL1 


XTAL2 XTAL2 


External Clock 


Figure 14. Oscillator Configuration 


HALT Mode. Turns off the internal CPU clock but not the 
crystal oscillation. The counter/timers and external inter- 
rupts IRQO, IRQ1, and IRQ2 remain active. The device is 
recovered by interrupts, either externally or internally gen- 
erated. The |,, in HALT state is |,, (run mode) divided- 
by-ten. An interrupt request must be executed (enabled) to 
exit HALT mode. After the interrupt service routine, the 
program continues from the instruction after the HALT. 


STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 WA. The STOP Mode is released by a RESET 
through a Stop-Mode Recovery (pin P27). Program execu- 
tion begins at location OOOC (Hex). However, when P27 is 
used to release the STOP Mode, the !/O port mode regis- 
ters are not reconfigured to their default power-on condi- 
tions. This prevents any I/O, configured as output when the 
STOP instruction was executed, from glitching to an un- 
known state. To use the P27 release approach with STOP 
Mode, use the following instruction: 


OR P2M, #80H 
NOP 
STOP 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode = FFH) immediately before the 
appropriate sleep instruction, i.e.: 


FF NOP; clear the pipeline 
6F STOP; = enter STOP mode 
or 
FF NOP; clear the pipeline 
7F HALT; — enter HALT mode 


Watch-Dog Timer (WDT). The Watch-Dog Timer is en- 
abled by instruction WDT. When the WDT is enabled, it 
cannot be stopped by the instruction. With the WDT 
instruction, the WDT is refreshed when it is enabled within 
every 15 usec; otherwise, the Z86E08 resets itself. 


WDT = 5F (Hex) 


Opcode WDT (5FH). The first time opcode 5FH is ex- 
ecuted, the WDT is enabled and subsequent execution 
clears the WDT counter. This has to be done at least every 
15 usec. Otherwise, the WDT times out and generates a 
reset. The generated reset is the same as a power-on reset 
of 50 usec +18 XTAL clock cycles. 








A 2iLAS 
SPECIAL FUNCTIONS (Continued) 


Opcode WDH (4FH). When this instruction is executed it 
enables the WDT during HALT. If not, the WDT stops when 
entering HALT. This instruction does not clear the counters, 
it just makes it possible to have the WDT running during 
HALT Mode. A WDH instruction executed without execut- 
ing WDT (5FH) has no effect. 


Vcc 
(Volts) 


2.50 


Z86E08 CMOS Z8® 
8-Bit MICROCONTROLLER 


Auto Reset Voltage (V...). The Z86E08 has an auto-reset 
built-in. The auto-reset circuit resets the Z86E08 when it 
detects the V,, below V,.,,. Figure 15 shows the Auto Reset 
Voltage vs temperature. 


-5°C 


25 


“TTL PTT. Temp 
°C 75°C 


Figure 15. Typical Auto Reset Voltage (V...) vs Temperature 
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Low EMI Emission 

The Z86E08 can be programmed to operate in a low EMI 
emission mode by means of an EPROM programmable bit 
option. Use of this feature results in: 

m Less than 1mA consumed during HALT mode. 


m All drivers slew rates reduced to 10 ns (typical). 


m = Internal SLCK/TCLK operation limited to a maximum 
of 4 MHz - 250 ns cycle time. 


m Output drivers have resistances of 200 ohms (typical). 
m Oscillator divide-by-two circuitry eliminated. 
The Z86E08 offers programmable ROM Protect and pro- 


grammable Low Noise features. When the device is pro- 
grammed for ROM Protect, the Low Noise feature will 


Z86E08 CMOS Z8* 
8-BiT MICROCONTROLLER 


automatically be enabled. When programmed for Low 
Noise, the ROM Protect feature is optional. 


Besides V,,, and GND (V,,), the Z86E08 changes all its pin 
functions in the EPROM mode. XTAL2 has no function, 
XTAL1 functions as /CE, P31 functions as /OE, P32 func- 
tions as EPM, P33 functions as V,,,, and P02 functions as 
/PGM. 


PP? 


ROM Protect. ROM Protect fully protects the Z86E08 ROM 
code from being read externaily. When ROM Protect Is 
selected, the Z86E08 will disable the instructions LDC and 
LDCI (Z86E08 and Z86C08 do not support the instructions 
of LDE and LDE)). 


User Modes. Table 5 shows the programming voltage of 
each mode of Z86E08. 


Table 5. OTP Programming Table 





Programming Modes Device Vop EPM ICE /OE /PGM ADDR DATA _V,,* 
EPROM READ1 All X V,, Vv. Va Vv, ADDR Out 4.5V 
EPROM READ2 All X V,, Vie Vv, ADDR Out 5.5V 
PROGRAM All V,. X Vv. Va Vv, ADDR In ~~ 6.0V 
PROGRAM VERIFY All V,. X Vv. OV V, ADDR Out 6.0V 
EPROM PROTECT All V V,, Vo. Me 8 NU NU 6.0V 
LOW NOISE SELECT E08 V Vi Vv. Vw Vie NU NU _6.0V 
Notes 

Vi, 12.5V +0.5V 

Vig As per specific Z8 DC specification. 


As per specific 28 DC specification. 

Not used, but must be set to V,,, V,,,, or V,, level. 
Not used, but must be set to either V,, or V,, level. 
|» during programming = 40 mA maximum. 

log during programming, verify, or read = 40 mA maximum. 
* Vo has a tolerance of +0.25V. 


tow i ot ou 
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SPECIAL FUNCTIONS (Continued) 


internal Address Counter. The address of Z86E08 is 
generated internally with a counter clocked through pin 
PO1 (Clock). Each clock signal increases the address by 
one and the "high" level of pin POO (Clear) will reset the 
address to zero. Figure 16 shows the set-up time of the 
serial address input. | 


Z86E08 CMOS Z8® 
8-BiT MICROCONTROLLER 


Programming Waveform. Figures 17, 18 and 19 showthe 
programming waveforms of each mode. Table 6 shows the 
timing of programming waveforms. 


Programming Algorithm. Figure 20 shows the flow chart 
of the Z86E08 programming algorithm. 


Table 6. Timing of Programming Waveforms 


Parameters Name 
1 Address Setup Time 
2 Data Setup Time 
3 Vp oetup 
4 Vog Setup Time 
5 Chip Enable Setup Time 
6 Program Pulse Width 
7 Data Hold Time 
8 /OE Setup Time 
9 Data Access Time 
10 Data Output Float Time 
11 Overprogram Pulse Width 
12 EPM Setup Time 
13 /PGM Setup Time 
14 Address to /OE Setup Time 
15 Option Program Pulse Width 
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Min Max Units 


us 
Us 
us 
Us 


Us 


Oo 
NP co PM! PM MHP PP 


US 
us 


200 ns 

100 ns 

2.55 ms 
2 Us 


2 us 
2 us 
78 ms 


. Z86E08 CMOS 28° 
a ILCs 8-BiT MICROCONTROLLER 


P01 = Clock 
(4 are 
13) 
pes a 
POO = Clear 
15 
Internal 4 
Address f° 
ae 


Vih 0 Min 


T1 Reset Clock Width 30 ns Min 
T2 Input Clock High 30 ns Min 


T3 Input Clock Period 70 ns Min 
T4 Input Clock Low 30 ns Min 
T5 Clock to Address Counter Out Delay 15 ns Max 





Figure 16. Z86E08 Address Counter Waveform 
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Low EMI Emission (Continued) 





VIH 
Address Address Stable Address Stable 
0 Min 
Data - ' . 
a) <> ce 
VH 
VPP 
wi fA | isi 
~* oo 
EPM 
@) 5.5V 
VCC 
4.5V 
VIH = 
ICE 
VIL 
VIH ———— 
/OE 
VIL 
VIH 
/PGM 
VIL 


Figure 17. Z86E08 Programming Waveform 
(EPROM Read) 
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VIH 






Address Address Stable 


VIH 


Data ‘ah = Data Stable {Data Out Valid | F Data Out Valid Out Valid 


V) —— 
” ae 
Vi 
6 


VCC 
' ® @ 
ICE 
V 7 a 


V 


K JE 
’ j 
VIH 


= 


a 


< 


i I 


of: 
E 
J) 
- 


= ae oe 


/PGM 





VIL 


Program Cycle Verify Cycle 


Figure 18. Z86E08 Programming Waveform 
(Program and Verify) 
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Low EMI Emission (Continued) 


Address 
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Data 


VPP 


Vcc 


ICE 


/OE 


EPM 


/PGM 


VIH 








VIH 


VIL 


o 
VH 
VIH -_ 
(5) 
ViH 
VIL 


VH 
VIH VIH 
VIL 
(12) (12) 
VIH 
VIL 
wow o> 
EPROM Protect Low Noise 


Figure 19. Z86E08 Programming Waveform 
(EPROM Protect and Low EMI Program) 
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Addr = 
First Location 


Vcc = 6.0V 
Vpp = 12.5V 


Program 
1 ms Pulse 


Increment N 


Yes 


OUTER 






= 


0 


Fail erify 
One Byte 
Pass 


) 


Fail 
Verify Byte 
P 


ass 


Prog. One Pulse 
3xN ms Duration 


Increment No 
9 
Address Last Addr 7 


Vcc = Vpp = 4.5V 


~< 
f°) 
”n 


a 


erify All Fail 
Bytes 


Vcc = Vpp = 5.5V Device Failed 


erify All Fail 
Bytes 
Pass 


Nal 


Device Passed 


Figure 20. Z86E08 Programming Algorithm 
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— = Z86E08 CMOS Z8® 
nN) cilai 8-BiT MICROCONTROLLER 
ABSOLUTE MAXIMUM RATINGS 


Stresses greater than those listed under Absolute Maxi- 


Symbol Parameter Min Max Units 
mum Ratings may cause permanent damage to the de- 


Voc Supply Voltage” O03 +7 V vice. This is a stress rating only; operation of the device at 
Ven Storage Temp -5 +150 C any condition above those indicated in the operational 

i Oper Ambient Temp 7: T C sections of these specifications is not implied. Exposure to 
eiee: absolute maximum rating conditions for extended periods 


* Voltages on all pins with respect to GND. may affect device reliability. 


t+ See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 19). 


+5V 


2.1kQ 


From Output 
Under Test 


150 pF 9.1kQ 


Figure 21. Test Load Diagram 


CAPACITANCE 
T, = 25°C, V,, = GND = OV, f =1.0 MHz, unmeasured pins to GND. 


Parameter Max 

Inout Capacitance 10 pF 

Output Capacitance 20 pF 

I/O Capacitance 25 pF 
V.¢ SPECIFICATION 


4.5V to 5.0V + 0.5V 
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DC ELECTRICAL CHARACTERISTICS 





T,= 0°C to +70°C Typical 
Symbol Parameter Voc Min Max @ 25°C Units Conditions 
Max Input Voltage 4.5 12 V Vy = 200 pA 
9.5V 12 V Vy = 200 pA 
Veg Clock Input High 4.5V OL Vie Vi¢t0.3 2.4 V Driven by External 
Voltage Clock Generator 
9.0V OV ss Vct0.3 2.6 V Driven by External 
Clock Generator 
‘- Clock Input Low 45V V0.3 0.2 Vig 160° ° Driven by External 
Voltage Clock Generator 
o:0V V5.3 0.2 V.. 2.9 V Driven by External 
Clock Generator 
Vig Input High Voltage 4.5V Oi Vee V0.3 2.1 V 
9.0V OTN cs Vct0.3 2.7 V 
Vic Input Low Voltage 4.5V V.¢-0.3 Oe Vie 1.2 V 
5.5V V,70.3 020 6 Le V 
Vai Output High Voltage 4.9V Vie70.4 3.9 V loy = 2-0 MA 
9.0V Vig 70.4 5.4 V lay = 2-0 MA 
Vora Output Low Voltage 4 5V 0.8 0.2 V = +4.0 mA 
9.0V 0.4 0.2 V = 4.0 mA 
Vee Output Low Voltage 4.5 TBD 0.7 V ly, = +12 mA, 
3 Pin Max 
9.0V 0.8 0.5 V = tl2 mA, 
3 Pin Max 
ares Comparator Input 4.9V 10 6 mV 
Offset Voltage 
9.0V 25 — mV 
Vee Auto Reset Voltage 1.55 2.7 2.4 V 
li Input Leakage 4.5V -1.0 1.0 1.0 pA Viy = OV, Voc 
(Input Bias Current 0.0V =1.0 1.0 1.0 UA Viy= OV, Veg 
of Comparator) 
li Output Leakage 4.5V =1.0 1.0 1.0 yA Viy= OV, Voc 
9.0V =U 1.0 1.0 pA Viy = OV, Voc 
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DC ELECTRICAL CHARACTERISTICS (Continueq) 


Symbol 
| 


CC 


CCt 
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Parameter 


Supply Current 
(Standard Mode) 


Standby Current 
(Standard Mode) 


Supply Current 
(Low Noise Mode) 


cc 


4.5V 
9.0V 
4.5V 
5.0V 
4.0V 


DOV 


~45V | | HALT Mode V, = OV, 


5.0V 
4.5V 
5.0V 
4.5V 


9.0V 


4.5V 


9.0V 


4.5V 


0.0V 


4.5V 


9.0V 


T, = 0°C to +70°C 
Min Max 


4.0 
7.0 
9.0 


11.0 


2.9 
4.0 
40 
5.0 
50 


7.0 


40 
7.0 
6.0 
9.0 
8.0 


11.0 


Typical 
@ 29°C 


2.2 
5.0 
4.5 
8.3 
6.1 


10.8 


0.5 


2.2 
4.2 
2.9 
9.9 
4.4 


7.9 


Units 


mA 
mA 
mA 
mA 
mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


mA 


Z86E08 CMOS Z8® 
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Conditions 


All Output and 1/0 Pins 
Floating @ 2 MHz 

All Output and 1/0 Pins 
Floating @ 2 MHz 

All Output and 1/0 Pins 
Floating @ 8 MHz 

All Output and 1/0 Pins 
Floating @ 8 MHz 

All Output and 1/0 Pins 
Floating @ 12 MHz 

All Output and 1/0 Pins 
Floating @ 12 MHz 


Veg @ 2 MHz 

HALT Mode V,, = OV, 
Vig @ 2 MHz 

HALT Mode V,, = OV, 
Veg @ 8 MHz 

HALT Mode V,, = OV, 
Veg @ 8 MHz 

HALT Mode V,, = OV, 
Vig @ 12 MHz 

HALT Mode V,, = OV, 
Veg @ 12 MHz 


All Output and |/0 Pins 
Floating @ 1 MHz 
All Output and |/0 Pins 
Floating @ 1 MHz 
All Output and 1/0 Pins 
Floating @ 2 MHz 
All Output and 1/0 Pins 
Floating @ 2 MHz 
All Output and 1/0 Pins 
Floating @ 4 MHz 
All Output and 1/0 Pins 
Floating @ 4 MHz 


i Z86E08 CMOS Z8® 
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T, = 0°C to +70°C Typical 
Symbol Parameter Vic Min Max @ 25°C Units Conditions 
ie Standby Current 4,5 2 0.4 mA HALT Mode V,,,= OV, 
(Low Noise Mode) Veg @ 1 MHZ 
DOV 1.6 0.9 mA HALT Mode V,, = OV, 
Veg @ 1 MHz 
4 5V 1:5 0.5 mA HALT Mode V,, = OV, 
Veg @ 2 MHz 
5.5V 1.9 ] mA HALT Mode V,, = OV, 
Veg @ 2 MHz 
45V 2.0 0.8 mA HALT Mode V,,, = OV, 
Veg @ 4 MHz 
9.9V 24 lig mA HALT Mode V,, = OV, 
Veg @ 4 MHz 
es Standby Current 4.5V 10 1.0 pA STOP Mode V,, = OV, 
V._. WDT is not Running 
5.0V 10 1.0 yA STOP Mode V,, = OV, 
V.¢ WDT is not Running 
hig Auto Latch Low Current 45V —70 —3.3 yA OV < Via <Voo 
5.5V —7.0 —§.5 pA OV<V < Vic 
i Auto Latch High Current 4.5V 10 —6.0 uA OV EN < Vie 
5.5V 15 15 uA OV< Vee Va. 
Notes: 
[Wh lees Typ Max Unit Freq 
Clock Driven on Crystal 3.0 5.0 mA 8 MHz 
or XTAL Resonator 0.3 5.0 mA 8 MHz 


[2] Veg = OV = GND 
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AC ELECTRICAL CHARACTERISTICS 


Clock 


IRQ 





Figure 22. Electrical Timing Diagram 
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AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 


T, = 0°C to +70°C 





1 MHz 4 MHz 
No Symbol Parameter V. Min Max Min Max Units Notes 
1 TpC Input Clock Period 4.5V 1000 200 100,000 ns [1] 
5.5V 1000 250 100,000 ns [1] 
2 TC, TIC Clock Input Rise 4.5V 20 20 ns [1] 
and Fall Times 
5.5V 25 29 ns 
3 TwC Input Clock Width 45V 450 100 ns [1] 
Dov 450 100 ns [1] 
4 TwTink Timer Input Low Width 4.5V 100 100 ns [1] 
5:5V 70 70 ns [1] 
5 TwTinH Timer Input High Width 4.5V 1.5TpC 1.5TpC (1] 
5.5V 1.5TpC 1.5TpC (1] 
6 TpTin Timer Input Period 4.5V ATpC 4TpC [1] 
5.5V 4TpC 4TpC [1] 
7 TrTin, Timer Input Rise 4.5V 100 100 ns [1] 
TtTin and Fall Timer 
5.5V 100 100 ns [1] 
8 TwiL Int. Request Input 4.5V 100 100 ns [1,2] 
Low Time 
5.5V 70 70 ns [1,2] 
9 TwlH Int. Request Input 4.5V 1.5TpC 1.5TpC [1] 
High Time 
5.0V 1.5TpC 1.5TpC [1,2] 
10 Twat Watch-Dog Timer 45V 20 20 ms [1] 
Delay Time 
5.5V 15 15 ms [1] 
11 TPOR Power-On 4.5V 100 100 ms [1] 
| Reset Time 5.5V 90 90 ms [1] 
Notes: 


[1] Timing Reference uses 0.9 V.. for alogic 1 and 0.1 V,,, for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31) 
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AC ELECTRICAL CHARACTERISTICS 
Standard Mode, Standard Temperature 


T, = 0°C to +70°C 


8 MHz 12 MHz 
No Symbol Parameter Vee Min Max Min Max Units Notes 
11 TpC Input Clock Period 45V 125 100,000 83 100,000 ns [1] 
5.5V 125 100,000 83 100,000 ns [1] 
49 TrC, TfC Clock Input Rise 45V 20 15 ns [1] 
and Fall Times | 
5.5V 25 15 ns 
3 TwC Input Clock Width 45V 37 26 ns [1] 
. 5.5V 37 26 ns [1] 
4 TwTink Timer Input Low Width 4.5V 100 100 ns [1] 
5.5V 70 70 ns [1] 
5 TwTinH Timer Input High Width 4.5V 3TpC 3TpC [1] 
5.5V 3TpC 3TpC [1] 
6 TpTin Timer Input Period 45V 8TpC 8TpC [1] 
5 5V 8TpC 8TpC [1] 
ff TrTin, Timer Input Rise 45V 100 100 ns [1] 
TtTin and Fall Timer 
5.5V 100 100 ns [1] 
8 TwiL Int. Request Input 4.5V 100 100 ns [1,2] 
Low Time 
bOV 70 70 ns [1,2] 
9 TwlH Int. Request Input 4.5V 3TpC 3TpC [1] 
High Time 
5.5V 3TpC 3TpC [1,2] 
10 Twat Watch-Dog Timer 4.5V 50 50 ms [1] 
Delay Time 
5.5V 45 45 ms [1] 
11 TPOR Power-On 4 5V 100 100 ms [1] 
Reset Timer 5.5V 90 90 ms [1] 
Notes: 


[1] Timing Reference uses 0.9 V,,, for a logic 1 and 0.1 V,,, for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31) 
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Z8 CONTROL REGISTERS 


R241 TMR 
eros] ee] or] oa] ooo] 


No Function 
Load TO 


Disable TO Count 
Enable TO Count 


No Function 
Load T1 


Disable T1 Count 
Enable T1 Count 


Tin Modes 

00 External Clock Input 
01 Gate Input 

10 Trigger Input 
(Non-retriggerable) 

11. Trigger Input 
(Retriggerable) 


Tout Modes 

00 Not Used 

01 TOOut 

10 T1 Out 

11. Internal Clock Out 


Figure 23. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


er oe]==] >=] =e] > [oe 


| 


Ty Initial Value 

(When Written) 
(Range 1-256 Decimal 
01-00 HEX) 

Ty Current Value 
(When READ) 


Figure 24. Counter Timer 1 Register 
(F2H: Read/Write) 


R243 PRE1 


er eo] os]os[oo] ee] ooo 


: 


Count Mode 
0=T , Single Pass 
1=T4, Modulo N 
Clock Source 
1 = Ty Internal 
0 =T , External Timing Input 
(T jn) Mode 
Prescaler Modulo 


(Range: 1-64 Decimal 
01-00 HEX) 


Figure 25. Prescaler 1 Register 
(F3H: Write Only) 


R244 TO 


BEGG) 


| 


To Initial Value 

(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

To Current Value 
(When READ) 


Figure 26. Counter/Timer 0 Register 
(F4H: Read/Write) 


R245 PREO 
eres] os] oe] oo] oe] ooo 
a Count Mode 


0=T, Single Pass 
1=T, Modulo-n 


Reserved (Must be 0.) 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 27. Prescaler 0 Register 
(F5H: Write Only) 


R246 P2M 


eros [Tos] oe] os] 


| 


P2 7- P29 W/O Definition 
0 Defines Bit as OUTPUT 
1 Defines Bit as INPUT 


Figure 28. Port 2 Mode Register 
(F6H: Write Only) 


R247 P3M 


Ero] oo] =] ooo 


= 0 Port 2 Pull-Ups Open-Drain 
1 Port 2 Pull-Ups Active 
Port 3 Inputs 
0 Digital 
1 Analog 
Reserved (Must be 0.) 


Figure 29. Port 3 Mode Register 
(F7H: Write Only) 
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Z8 CONTROL REGISTERS (Continued) 


R248 PO1M . 


[p7[ be] 05] pa] ba] o2| pr] oo) 


\ 


PO,- PO, Mode 
00 = Output 
01 = Input 


Reserved (Must be 0.) 
Must be 0. 
Reserved (Must be 0.) 


Figure 30. Port 0 and 1 Mode Register 
(F8H: Write Only) 


R249 IPR 


7 [ps] 0] 06] po] ba] ot | vo 


Interrupt Group Priority 
Reserved = 000 
C >A>B=001 
A>B>C=010 
A>C>B=011 
B>C>A=100 
C>B>A=101 
B>A>C=110 
Reserved = 111 

IRQ1, IRQ4 Priority (Group C) 
0 = IRQ1 > IRQ4 
1 =1IRQ4>IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 = IRQ2 > IRQO 
1 =IRQO > IRQ2 

IRQ3, IRQ5 Priority (Group A) 
0 = IRQ5 > IRQ3 
1 =IRQ3 > IRQ5 

Reserved (Must be 0.) 


Figure 31. Interrupt Priority Register 
(F9H: Write Only) 


R250 !RQ 


[oz] oe] 0s | 04] ba} pz] b1 | bo) 


IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P32 Input 
IRQ4 = TO 

IRQ5 =T1 

Reserved (Must be 0.) 


Figure 32. Interrupt Request Register 
(FAH: Read/Write) 


R251 IMR 


er] 59] 55] 54] o3] oe] or] oo 

a ese 1 Enables IRQO-IRQ5 
(Do = IRQO) 
Reserved (Must be 0.) 
1 Enables Interrupts 


Figure 33. Interrupt Mask Register 
(FBH: Read/Write) 


R252 Flags 
07} be | 05 [4 Joa] b2 [D+ | bo) 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag . 
Sign Flag 

Zero Flag 


i 


Carry Flag 


Figure 34. Flag Register 
(FCH: Read/Write) 


R253 RP 
p7 {pa} 0s | 4] 03 [ne] 0 J bo] 


Don't Care 


Register Pointer 


Figure 35. Register Pointer 
(FDH: Read/Write) 


R255 SPL 


EEG) 


| 


Stack Pointer Lower 
Byte (SP7 - SP 9 ) 


Figure 36. Stack Pointer 
(FFH: Read/Write) 
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OPERATING MODES 



















































































Current 16 
(ma) Icc at 5.5V 
14 
12 
10 Icc at 4.0V 
8 
Icc1 at 5.5V 
6 
Icc1 at 4.0V 
4 
2 
Frequency (MHz) 
Figure 37. Maximum |, and |,,, vs Frequency in Standard Mode 
11 
Current Icc at 5.5V 
(ma) 
10 
9 
8 
7 
6 Icc at 4.0V 
5 
4 
3 
2 
Icc1 at 5.5V 
: Icc1 at 4.0V 
































Frequency (MHz) 


Figure 38. Typical |, and |,,, vs Frequency in Standard Mode 
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OPERATING MODES (Continued) 






Current 8 


(ma) lec at 5.5V 











Icc at 4.0V . 

















1.0 1.5 2.0 2.5 3.0 3.5 4.0 
Frequency (MHz) 


Figure 39. Typical |, and I,,, vs Frequency in Low EMI Mode 























Poa Icc at 5.5V 
icc at 4.0V 
Icc1 at 5.5V 
icc1 at 4.0V 














1.0 1.5 2.0 2.5 3.0 3.5 4.0 
Frequency (MHz) 


igure 40. Maximum |, and I,,, vs Frequency in Low EMI Mode 
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Time 
(Msec) 


4.0V 


5.0V 


5.5V 





-5°C 25°C 75°C 


Time 
(Msec) 





Figure 42. Typical WDT Time Out Period vs Temperature 
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INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera- 


tions as shown in the instruction summary. 


Symbol 
IRR 


Symbols. The following symbols are used in describing 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working register address only 
Indirect-register or indirect working- 
register address 

Indirect working-register address only 
Register pair or working register pair 
address 


the instruction set. 


Symbol 
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Meaning 


Destination location or contents 
Source location or contents 
Condition code 

Indirect address prefix 

Stack pointer 

Program counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Flags. Control register (R252) contains the following six . 


flags. 

Symbol Meaning 

C Carry flag 

Z Zero flag 

S Sign flag 

V Overflow flag — 

D Decimal-adjust flag 
H Half-carry flag — 


Affected flags are indicated by: 


) Clear to zero 

1 Set to one 

: Set to clear according to operation 
- Unaffected 

X Undefined 


. Z86E08 CMOS 28° 
Ay ILCs 8-BiT MICROCONTROLLER 


CONDITION CODES 





Value Mnemonic Meaning Flags Set 

1000 --- Always true --- 

0111 C Carry Ce 

1111 NC No Carry C=a0 

0110 Z Zero Vis 

1110 NZ Not zero Z=0 

1101 PL. Plus 5=0 

0101 MI Minus D= 1 

0100 OV Overflow | 

1100 NOV No overflow V=0 

0110 EQ Equal Lx 

1110 NE Not equal Z=0 

1001 GE Greater than or equal (S XOR V)=0 

0001 LT Less than (S XOR V)=1 

1010 GT Greater than [Z OR (S XOR V)]=0 
0010 LE Less than or equal [Z OR (S XOR V)]=1 
sae UGE Unsigned greater than or equal C=0 

0111 ULT Unsigned less than C=1 

1011 UGT Unsigned greater than (C = 0 AND Z=0)=1 
0011 ULE Unsigned less than or equal (C OR Z)=1 

0000 a Never true (Always False) --- 
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INSTRUCTION FORMATS 





OPC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 


| dst | OPC INC r 


One-Byte Instructions 


OPC CLR, CPL, DA, DEC, | OPC | MODE | ADC, ADD, AND, CP, 
dst/src OR| 1110 BOE ce, co a : ps OR} 1110 TCM, TM XGR i 
BR, ARC: SRA SAE ee onl nano a 


JP, CALL (Indirect) 


vU 
O 


d 


n 


oRn[1110 | dst_| 


C SRP 
VALUE 


ADC, ADD, AND, CP, 


LD, OR, SBC, SUB, 
ORL 1110] ast_| TCM, TM, XOR 





i 
4 


[mone | oro Lo 
on 


OPC 











TM, XOR 
| MopE | _oPc LD, LDE, LDEI, | MoDE |_OPC | LD 
OR uP 
|_ast_| OPC LD 
| 
OPC CALL 
OPC DJNZ, JR DAU 
DAL 
FFH STOP/HALT 
6FH | 7FH 

Two-Byte Instructions Three-Byte Instructions 
INSTRUCTION SUMMARY 
Note: Assignment of a value is indicated by the symbol notation "addr (n)" is used to refer to bit (n) of a given 
"---", For example: operand location. For example: 

dst --- dst + src dst(7) 


indicates that the source data is added to the destination refers to bit 7 of the destination operand. 
data and the result is stored in the destination location. The 


Ww 
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INSTRUCTION SUMMARY 


Instruction 


and Operation 


ADC dst, src 


dst dst + src +C 


ADD dst, src 
dstedst + src 


AND dst, src 


dstedst AND src 


CALL dst 
SP<-SP — 2 
@SP<PC, 
PC<dst 


CCF 
Ce—NOT C 


CLR dst 
dst0 


COM ast 
dsteNOT dst 


CP dst, src 
dst — src 


DA dst 
dste—DA dst 


DEC dst 
dstdst — 1 


DECW dst 
dstedst — 1 


DI 
IMR(7)<0 


DJNZr, dst 
fer —1 

ifr +0 
PC<—PC + dst 
Range: +127, 
—128 


EI 
IMR(7)—1 


HALT 


Address Opcode 


Mode 
dst src 


1 


DA 
IRR 


RA 


Byte 
(Hex) 


1[ | 


Of | 


EF 


BO 
BI 


60 
61 


AL | 
40 
41 
00 
80 
81 
8F 


r=0-F 


OF 


TF 


Flags Affected 


C 


*K 


Z 


a 


S 


*K 


V 


*K 


D> 


DH 


QO * 


QO * 


Instruction 


and Operation 


INC dst 
dste—dst + 1 


INCW dst 
dstdst + 1 


IRET 


FLAGS<-@$P; 


SP<—SP + 1 
PC<-@SP: 
SPe-SP + 2: 
IMR(7)<-1 


JP cc, dst 
if cc is true, 
PC<dst 


JR cc, dst 

if cc is true, 
PC<PC + dst 
Range: +127, 
—128 


LD dst, src 
dstesrc 


LDC dst, src 
dstesrec 


LDCI dst, src 
dst—src 
r—r+1; 
tre—rr +1 


Address Opcode 


Mode 
dst src 


f 


R 
IR 


RR 
IR 


DA 


IRR 
RA 


“O 


Sa ay Se 
= = 
— 


pa 2 em © as 
=e) 


= ae a 
= 


lr Irr 


Byte 
(Hex) 


cD 
c=0-F 
30 


cB 
c=0-F 


Z86E08 CMOS Z8® 
8-BiT MICROCONTROLLER 


Flags Affected 


C 


ZS VD 


* OK OK - 


* OK OK - 
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INSTRUCTION SUMMARY (Continued) 


Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected instruction Mode Byte Flags Affected 
and Operation dst src (Hex) C ZS VODH and Operation dst src (Hex) C ZS VODH 
NOP . FE 3 - = - = = STOP 6F J - - - - - 
OR dst, src t Af ] - * #0 - - SUB dst, src t al | Pe alt a cat of 
dst—dst OR sre | dst—dstesrc 
POP dst R 50 - - - - = = SWAP dst R FO X *#*&X - - 
dst--@SP: IR 51 <= IR F4 
SP<-SP +1 Cae 
Ce ee | 
PUSH src R 10 - oe oe ee 
SP<—SP — 1; IR 71 TCM dst, src T 6[ ] - * * 0 - - 
—@SPesre (NOT dst) : 
oD a ee D 
RCF OF feces 
C0 TM dst, src T dla - * * QO - - 
Sst AND Src | 
RET AF - - - = = 
PC<@SP- WDH 4F - - - = = = 
p si a ee 
a | WDT BF a oe 
RL dst R 90 kK KK - - er a eR eee cee 
IR 9 XOR dst, src i B[ ] - #€ #0 - - 
7 of dstedst 
XOR src 
RLC dst R 10 KOK KK - - 
pep) FR ui instruct identi | | whi 
die en toa 6 Brodfy He fietope: de aibbioiefomdininc nanicion 
Fy np ee ee set table above. The second nibble is expressed symbolically by a‘[ ]’ 
RR dst R EQ KK KK - - in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 
[7 _o} ‘ a ‘ 
For example, the opcode of an ADC instruction using the addressing 
RRCdst  #§R CO x*¥**- -. modes r (destination) and Ir (source) is 13. 
IR C1 
Address Mode Lower 
i dst Opcode Nibbl 
SBC dst, src i 30] xe KR TR : bike dita hare 
dste—dstesrce-C r r (2] 
SCF DF [i See be ee 
Cet r Ir [3] 
SRAdt = = R D0 ***0-- R R [4] 
IR D1 
at 20) R IR [5] 
k= 
Sern oe cee a ee ie ee OS R IM [6] 
SRP dst lm 31 - = - = = 
RP<src IR IM [7] 





W 
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OPCODE MAP 
Lower Nibble (Hex) 
; 6.5 10.5 | 10.5 10.5 10.5 
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD 
IR 4 ri,r2 |r, lr2 | R2,R1 #R2,R1 |R1,IM JIR1, IM] rt, R2 | 2, Rt 

6.5 10.5 |} 10.5 10.5 10:5 
1 RLC ae ae ADC | ADC | ADC | ADC | ADC 
R1 IR‘ r4,r2 | rt, lr2 | R2,R1 |IR2,R1 |R1, 1M |IR1, IM 
6.5 6.5 TOS 1038 10.5 10.5 
2 INC ie te SUB | SUB | SUB | SUB | SUB 
R1 IR4 r1,r2 ]rt,lr2 |R2,R1 #R2,R1 |R1,1M fIR1,1M 
8.0 6.5 10.5 | 10.5 10:5 10.5 
3 JP | snp spe SBC ; SBC ; SBC |; SBC | SBC 
IRR1 r1,r2 | rt, lr2 | R2,R1 IR2,R1 ]R1,1M }1R1, iM 
8.5 ee 10.5 

4 DA 


Upper Nibble (Hex) 


a iM 


10.5 
AND 
R1, 1M 


10.5 
TCM 
R1,1M 


oar 


R1 


10.5 
5 | Pop 
RI 


6.5 
6 roe 


65 | 105 | 105 
OR | OR | OR 
ai be e rt, Ir2 | R2,R1 |iR2, R14 
10.5 6.5 | 10.5 | 10.5 
POP AND | AND | AND 
IR1 r, Ir2 | R2,R1 |iR2, R1 
6.5 | 10.5 | 105 
eon a Tcm | Tcm | TCM 
IR1 | rt,r2 | rt, tr2 |R2, R1 |R2, Rt 
= 12/14.1 65 | 10.5 | 10.5 
7 | PUSH | PUSH ™ | T™™ | TM 
R2 | IR2 - D rt, Ir2 |R2,R1 IR2, R14 a i IR1. IM 
10.5 | 105 
8 |DECW |DECW 
RR1 | IRI 
o 
9 
a 


IR1, IM 


10.5 
AND 
IR1, IM 


10.5 
TCM 
IR1, 1M 


10.5 


ee 
rt, 12 


= 10.5 6.5 10.5 | 10.5 pe sy 
A INCW | INCW CP CP CP 

RR1 IR4 A ‘2 1, lr2 |R2, Rt |IR2, R1 RY 'M eit 

6.5 10.5 10.5 
B CLR con son XOR | XOR 


r1, 12 


6.5 10.5 10.5 

XOR XOR | XOR 
r1, tr2_ }R2,R1 R2,R1 7~R1,1M FIR1, IM 
12.0 18.0 io 

LDC LDCI 
a6 X, a 
20.0 20.0 10.5 
ae 

IR1 


rt, trr2 flrd, trr2 
CALL* gs 
IRR1 r2,x,R1 
6.5 10.5 10.5 aa 
E LD LD LD 
He ri, IR2 }R2,R1 WR2, R41 a - 
To. 
= 


R1 


6.5 
C by 


IR4 


6.5 
RRC 
IR1 


D SrA 
10.5 
= IM 


F SWAP SWie 


IR4 Ro, of 


Bytes per Instruction 


Lower 
Opcode 
Nibble 
Execution Pipeline 
Cycle Cycles 







Upper 
Opcode_.a Mnemonic 
Nibble 
Firs Second 
Operand Operand 





Z86E08 CMOS Z8°® 
8-BiT MICROCONTROLLER 


A D E F 


12/100 | 6.5 10. 
JR LD 
cc, RA |1r1,IM |cc, DA 


12/10.5 
DJNZ 
r1, RA 


o Son =a 
co} Go| Go 


™N 
o) 


D 
a 


”O om 
OQ; 
oO 


Zo Oo 
EERE 


Legend: 

R = 8-bit address 

r = 4-bit address 

R or r4=Dst address 
Roor ro= Src address 


Sequence: 

Opcode, First Operand, 
Second Operand 

Note: Blank areas not defined. 


* 2-byte instruction appears as a 
3-byte instruction 
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PACKAGE INFORMATION 

















| MIN | MAX | | MIN | Max | 

eae | Tat | osi | om | 020 | 032 

El / ae | 325 | 343 | 128 | 135 _ 

| [Bp | ose | o53 | ois | oa 

. z [pr | tt4 | 165 | 045 | 065 
e fc | o23 | 038 | 009 | 015 

: Pp | e235 [2337 | a0 | seo 
Te | 762 | aia | 300 | 320 

- 

| eA | 7.87 | 8.89 tO) | 350 | 

a 

ro | ise | 165 | 060 | 065 | 

S 3 65 [035 | 065 | 





CONTROLLING DIMENSIONS : INCH 





18-Pin DIP Package Diagram 
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A —ILCIs5 8-BiT MICROCONTROLLER 
ODERING INFORMATION 
Z86E08 

8 MHz 12 MHz 


Z86E0808PSC Z86E0812PSC 
For fast results, contact your local Zilog sales office or technical center for assistance in ordering the part desired. 


Package 
P=Plastic DIP 


Temperature 
S = 0°C to +70°C 


Speeds 
08 = 8 MHz 
12 = 12 MHz 


Environmental 
C= Plastic Standard 


Example: 
Z 86E08 12 P S$ C is an Z86E08, 12 MHz, DIP, O°C to +70°C, Plastic Standard Flow 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 


L = 
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Introduction 


Z86C07 Z8° CMOS 
8-Bit Microcontroller 


Z86C08 Z8° CMOS 
8-Bit Microcontroller 


Z86E08 Z8° CMOS 8-Bit 
OTP Microcontroller 


286011 Z8® CMOS 
Microcontroller 


286012 Z8° CMOS 
In-Circuit Emulator MGU 


286621 Z8° CMOS 
8K ROM Microcontroller 


























AW SiLas 


FEATURES 

m = 8-Bit CMOS Microcontroller 

m 40-Pin DIP, 44-Pin PLCC or 44-Pin QFP Package 

m 4.5 to 5.5 Voltage Operating Range 

m Low Power Consumption - 220 mW (max) @ 16 MHz 
m Fast Instruction Pointer - 1.0 us @ 12 MHz 

m Two Standby Modes - STOP and HALT 

Mm 32 Input/Output Lines 

m Full-Duplex UART 

m A\l Digital Inputs are TTL Levels 


m Auto Latches 


GENERAL DESCRIPTION 


The Z86C11 is amember of the Z8 single-chip microcon- 
troller family with 4 Kbytes of ROM and 256 bytes of RAM. 
The MCU is housed in a 40-pin DIP, 44-pin PLCC, or a 
44-pin QFP, and is manufactured in CMOS technology. 


The ROMless pin option is available on the 44-pin versions 
only. Having the ROM/ROMless selectivity, the MCU offers 
both external memory and preprogrammed ROM. This 
enables the Z8 microcontroller to be used in high volume 
applications, or where code flexibility is required. 


Zilog’s Z86C11 microcontroller offers fast execution, effi- 
cient use of memory, sophisticated interrupts, input/output 
bit manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 


PRODUCT SPECIFICATION 


286611 


CMOS Z8® 
MICROCONTROLLER 


m RAM and ROM Protect 
m Low EMI Option 

m 4Kbytes of ROM 

m 256 Bytes of RAM 


m Two Programmable 8-Bit Counter/Timers each with 
6-Bit Programmable Prescaler. 


m Six Vectored, Priority Interrupts from Eight Different 
sources 


m Clock Speeds 12 and 16 MHz 


m On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC or External Clock Drive. 


The Z86C11 architecture is characterized by Zilog’s 8-bit 
microcontroller core. The device offers a flexible 1/O 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, I/O, anda 
number of ancillary features that are useful in many indus- 
trial and advanced scientific applications. 


For applications which demand powerful I/O capabilities, 
the Z86C11 provides 32 pins dedicated to input and 
output. These lines are grouped into four ports. Each port 
consists of eight-lines, and is configurable under software 
control to provide timing, status signals, serial or parallel 
I/O with or without handshake, and an address/data bus 
for interfacing external memory. 
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GENERAL DESCRIPTION (Continued) 


There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory and 236 General-Purpose Registers. 


To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu- 
nication, the Z86C11 offers two on-chip counter/timers 
with a large number of user selectable modes, and a 
universal asynchronous receiver/transmitter (Figure 1). 


Output 


UART 


Counter/ 


Input Vcc 


! 


Timers 


(2) 


Interrupt 
Control 





/O Address or i/O 
(Nibble Programmable) 


(Bit Programmable) 


GND 


Register 


Register File : 
256 x 8-Bit 


Bi‘ 


Notes: | 
All Signals with a preceding front slash, "/", are active Low, e.g.: 
B/W (WORD is active Low); /B/W (BYTE is active Low, only). 


Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Voc Vis 
Ground GND 


Ss 


XTAL /AS /DS R//W /RESET 






Machine Timing and 
Instruction Control 


Prg. Memory 
4096 x 8-Bit 
Program 
Counter 

















Address/Data or I/O 
(Byte Programmable) 


Figure 1. Functional Block Diagram 
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286C11 
A SiLas CMOS 28 MCU 
PIN DESCRIPTION 





| P36 


vec [] 1 
XTAL2 [] 2 P31 
XTAL1 3 P27 

P37 [] 4 P26 

P30 [] 5 P25 

/RESET [] 6 P24 

Rw [1] 7 P23 

‘Ds [] 8 | P22 

/AS 9 P24 

P35 10 aarti 31 [] P20 

GND [] 11 | | P33 

p32 [] 12 P34 

Poo [] 13 P17 

Pot 14 P16 

Po2 [] 15 P15 

Pos [] 16 P14 

P04 17 P13 

Pos [] 18 P12 

Poe [] 19 P11 

Po7 [] 20 P10 





Figure 2. 40-Pin DIP Pin Assignments 


Table 1. 40-Pin DIP Pin Identification 





Pin # Symbol Function Direction Pin # Symbol Function Direction 
1 Veg Power Supply Input 11 GND Ground 

2 XTAL2 Crystal, Oscillator Clock Output 12 P32 Port 3, pin 2 Input 

3 XTAL1 Crystal, Oscillator Clock Input 13-20 POO-PO7 PortO, pinsOthrough 7 — In/Output 
4 P37 Port 3, pin 7 Output 21-28 P10-P17 Port1, pinsOthrough 7 — In/Output 
5 P30 Port 3, pin O Input 29 P34 Port 3, pin 4 Output 

6 /RESET Reset Input 30 P33 Port 3, pin 3 Input 

vA R//W Read/Write Output 31-38 P20-P27 Port2, pinsOthrough 7 — In/Output 
8 /DS Data Strobe Output 39 PSA Port 3, pin 1 Input 

9 /AS Address Strobe Output 40 P36 Port 3, pin 6 Output 
10 P35 Port 3, pin 5 Output ne 
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/RESET | N/C 
R//W py} P24 
/DS | P23 
/AS P22 
P35 P21 
Z86C11 
GND PLCC P20 
P32 P33 
POO P34 
Pot P17 
P02 P16 
R//RL P15 
18 19 22 23 24 25 26 27 28 
aOdqgqadceaaogdakeaoaaooaoaad 
Figure 3. 44-Pin PLCC Pin Assignments 
Table 2. 44-Pin PLCC Pin Identification 
Pin# Symbol Function Direction Pin# Symbol Function Direction 
1 Vee Power Supply Input 14-16 POQO-PO2  PortO, Pins 0, 1, 2 In/Output 
2 XTAL2 Crystal, Oscillator Clock Output 17 R//RL ROM/ROMless control — Input 
3 XTAL1 Crystal, Oscillator Clock Input 18-22 PO3-PO7  PortO, Pins 3, 4,5, 6, 7 In/Output 
4 PST Port 3, Pin 7 Output 23-27 P10-P14  Port1, Pins 0, 1,2, 3,4 In/Output 
5 P30 Port 3, Pin O Input 28 N/C Not Connected 
6 N/C Not Connected Input 29-31 P15-P17 Port 1, Pins 5,6,7 In/Output 
rf /RESET Reset Input 32 P34 Port 3, Pin 4 Output 
8 R//W Read/Write Output 33 P33 Port 3, Pin 3 Input 
9 /DS Data Strobe Output 34-38 P20-P24 Port2, PinsO, 1, 2,3, 4 In/Output 
10 IAS Address Strobe Output 39 N/C Not Connected 
14 PSS Port 3, Pin 5 Output 40-42 P25-P27 Port 2, Pins 5, 6, 7 In/Output 
12 GND Ground Input 43 P31 Port 3, Pin 1 Input 
13 P32 Port 3, Pin 2 Input 44 P36 Port 3, Pin 6 Output 
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Z86C11 
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Po2 [_IT _| ~~ TT] P16 
R/AL CIT _) TT pis 
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3885982993 
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Figure 4. 44-Pin QFP Pin Assignments 
Table 3. 44-Pin QFP Pin Identification 
Pin # Symbol Function Direction Pin # Symbol Function Direction 
1-5 PO3-PO7 Port0O, Pins 3,4,5,6,7 — In/Output 31 XTAL1 Crystal, Oscillator Clock Input 
6 GND Ground 32 P37 Port 3, Pin 7 Output 
7-14 P10-P17 Port1,PinsOthrough 7 — In/Output 33 P30 Port 3, Pin O Input 
15 P34 Port 3, Pin 4 Output 34 /RESET — Reset Input 
16 P33 Port 3,.Pin:3 Input 35 R//W Read/Write Output 
17-21 P20-P24 Port 2,Pins0,1,2,3,4 — In/Output 36 /DS Data Strobe Output 
22 GND Ground 37 /AS Address Strobe Output 
23-25 P25-P27 Port 2, Pins 5,6,7 In/Output 38 P35 Port 3, Pin 5 Output 
26 P31 Port 3, Pin 1 Input 39 GND Ground 
27 P36 Port 3, Pin 6 Output 40 P32 Port 3, Pin 2 Input 
28 GND Ground Input 41-43 POO-PO2 Port0O, Pins O, 1,2 In/Output 
29 Vee Power Supply Input 44 R//RL ROM/ROMless control Input 
30 XTAL2 Crystal, Oscillator Clock Output 
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PIN FUNCTIONS 


/ROMless (input, active Low). This pin when connected to 
GND disables the internal ROM and forces the device to 
function as a Z86C91 ROMless Z8. (Note that, when left 
unconnected or pulled High to V,,,, the part functions as a 
normal Z86C 11 ROM version). This pin is only available on 
the 44-pin versions of the Z86C11. 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS can be placed in the high-impedance 
state along with Ports 0 and 1, Data Strobe, and 
Read/Write. 


XTAL1, XTAL2 Crystal 1, Crystal 2(time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 


R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C11 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signalis less than 4TpC in duration, noreset occurs. On the 
5th clock after the /RESET is detected, an internal RST 
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signal is latched and held for an internal register count of 
18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at a rate of ToC/2. When 
/RESET is deactivated, program execution begins at lo- 
cation OOOC (HEX). Power-up reset time must be held Low 
for 50 ms, or until V., is stable, whichever is longer. 


Port 0 (PO7-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight I/O lines 
can be configured under software control as a nibble I/O 
port, or as an address port for interfacing external memory. 
When usedasanl|/O port, PortOis placed under handshake 
control. In this configuration, Port 3, lines P82 and P35 are 
used as the handshake control /DAVO and RDYO (Data 
available and Ready). Handshake signal assignment is 
dictated by the I/O direction of the upper nibble PO7-P04. 
The lower nibble must have the same direction as the 
upper nibble to be under handshake control. For the 
ROMless option, PortO comes up asA15-A8 Address lines 
after /RESET. 


For external memory references, Port O can provide ad- 
dress bit A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
lf the address range requires 12 bits or less, the upper 
nibble of Port O can be programmed independently as I/O 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for I/O operation, they must be config- 
ured by writing to the Port O Mode register. In ROMless 
mode, after a hardware reset, Port 0 lines are defined as 
address lines A15-A8, and extended timing is set to 
accommodate slow memory access. The initialization rou- 
tine includes reconfiguration to eliminate this extended 
timing mode (Figure 5). 


>, 286C11 
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Port 0 (I/O) 


Z86Ci1 
MCU 


Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 





OEN > 
» 
® O 


PAD 


Ou ———), 


TTL Level Shifter 


7 Auto Latch 
| 





Figure 5. Port 0 Configuration 
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PIN FUNCTION (Continued) 


Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad- 
dress (A7-AO) and Data (D7-D0) ports. For Z86C 11, these 
eight I/O lines can be programmed as Input or Output lines 
or canbeconfigured under software control as an address/ 
data port for interfacing external memory. When used as 
an I/O port, Port 1 is placed under handshake control. In 
this configuration, Port 3 lines P83 and P34 are used as the 
handshake controls RDY1 and /DAV1. 


Memory locations greater than 4096 are referenced through 
Port 1. Tointerface external memory, Port 1 is programmed 


my 


Z86C11 
MCU 


for the multiplexed Address/Data mode. If more than 256 
external locations are required, Port O must output the 
additional lines. 


Port 1 can be placed in high-impedance state along with 
Port 0, /AS, /DS and R//W, allowing the MCU to share 
common resource in multiprocessor and DMA applica- 
tions. Data transfers can be controlled by assigning P33 as 
a Bus Acknowledge input, and P34 as a Bus request 
output (Figure 6). 


Port 1 
(I/O or AD7 - ADO ) 


. Handshake Controls 


OEN 


ie 


Out 


TTL Level Shifter 





R es 500k Q 


/DAV1 and RDY1 


(P33 and P34) 


PAD 


“T Auto Latch 


x<L—_o<H | 


Figure 6. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 2 may be placed under handshake control. In this configu- 
bidirectional, TTL compatible port. Each of these eight I/O ration, Port3 lines P31 and P36 are used as the handshake 
lines can be independently programmed as an input or — controls lines /DAV2 and RDY2. The handshake signal 
output or globally as an open-drain output. Port2is always = assignment for Port 3 lines P31 and P36 is dictated by the 
available for |/O operation. When used as an I/O port, Port — direction (input or output) assigned to P27 (Figure 7). 





Z286C11 
MCU 


Handshake Controls 
/DAV2 and RDY2 
(P31 and P36) 





Open Drain 


— » 
@ ® e 


PAD 


Ou —) 


TTL Level Shifter 


In Gi 
| 7 Auto Latch ra 
Log} of 1 
| | 

| 


R = 500k © | 


Figure 7. Port 2 Configuration 
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PIN FUNCTION (Continued) 


Port 3 (P37-P30). Port 3 is an 8-bit, TTL compatible four- 
fixed input and four-fixed output port. These eight I/O lines 
have four-fixed (P33-P30) input and four fixed (P37-P34) 
output ports. Port 3 pins P30 and P37, when used as serial 
/O, are programmed as serial in and serial out, respec- 
tively (Figure 8). 


Z86C11 
MCU 





786011 
CMOS 28° MCU 


Port 3 is configured under software control to provide the 
following control functions: handshake for Ports 0, 1 and 2 
(/DAV and RDY); four external interrupt request signals 
(IRQO-IRQ3); timer input and output signals (T,, and T,,,,), 
and Data Memory Select (/DM). : 


Port 3 (I/O) 


(I/O or Control) 


Figure 8. Port 3 Configuration 


Table 4. Port 3 Pin Assignments 


Pin /O CTC1 Int. PO HS P1HS P2 HS UART Ext 
P30 IN IRQ3 Serial In 
P31 IN Ts IRQ2 D/R 
P32 IN IRQO0 D/R 
P33 IN IRQ1 D/R 
P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT Taig R/D 
P37 OUT Serial Out 
Notes: 


HS = Handshake Signals 
D = Data Available 
R = Ready 


4-10 


A ZiLAG 


Z86C11 
CMOS Z8® MCU 





UART Operation. Port 3 lines P30 and P37, can be 
programmed as serial I/O lines for full-duplex serial asyn- 
chronous receiver/transmitter operation. The bit rate is 
controlled by Counter/TimerO. 


The Z86C11 automatically adds a start bit and two stop 


bits to transmitted data (Figure 9). Odd parity is also 
available as an option. Eight data bits are always transmit- 


Transmitted Data (No Parity) 


[SP | sp] 07] 06} 0s} 4 |p| p2 {1 | po | st 
| L Start Bit 
Eight Data Bits 


Two Stop Bits 


Transmitted Data (With Parity) 


[sr] se] [ps] 05] 04] 03] 02] os | 00} sr 
| L Start Bit 


Seven Data Bits 


Odd Parity 
Two Stop Bits 


ted, regardless of parity selection. if parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 


Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 


Received Data (No Parity) 


[s°[e7]oe [os [0¢ [os ]oe] os [oo] sr] 
| L Start Bit 
Eight Data Bits 


One Stop Bit 


Received Data (With Parity) 





—T L Start Bit 
Seven Data Bits 


Parity Error Flag 
One Stop Bit 


Figure 9. Serial Data Formats 


Auto-Latch. The Auto-Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This will 
reduce excessive supply current flow in the input buffer 
when it is not been driven by any source. 


Low EMI Option. The Z86C11 is available in a low EMI 
option. This option is mask-programmable, to be selected 
by the customer at the time when the ROM code is 
submitted. Use of this feature results in: 


m The pre-drivers slew rate reduced to 10 ns typical. 


m Low EMI output drivers have resistance of 200 ohms 


m Less than 1 mA current consumptions during HALT 


mode. 





typical. 


m Oscillator divide-by-two circuitry is eliminated. 


m@ Internal SCLK/TCLK operation is limited to a maximum 


of 4 MHz (250 ns cycle time). 
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FUNCTIONAL DESCRIPTION 
Address Space 


Program Memory. The Z86C11 can address up to 60 
Kbytes of external program memory (Figure 10). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. For ROM mode, 
byte 13 to byte 4095 consists of on-chip ROM. At address 
4096 and greater, the Z86C11 executes external program 
memory fetches. In the ROMless mode, the Z86C11 can 
address up to 64 Kbytes of external program memory. 
Program execution begins at external location OOOC (HEX) 
after a reset. 


65535 


External 
ROM and RAM 


On-Chip ROM 


Location of 12 
First Byte of 
Instruction 
Executed 
After RESET 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 


(Upper Byte) 





Figure 10. Program Memory Configuration 
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Data Memory (/DM). The ROM version can address up to 
60 Kbytes of external data memory space beginning at 
location 4096. The ROMless version can address up to 64 
Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /DM, an optional I/O function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 11). The state of the /DM signal is controlled by the 
type instruction being executed. AnLDC opcode references 
PROGRAM (/DM inactive) memory, and an LDE instruction 
references DATA (/DM active Low) memory. 





65535 
External 
Data 
Memory 
4096 
4095 
Not Addressable 
0 


Figure 11. Data Memory Configuration 


A SiLAsS 


Z86C11 
CMOS Z8®MCU 





Register File. The Register File consists of four I/O port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 12). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C11 also allows short 4-bit register 
addressing using the Register Pointer (Figure 13). In the 
4-bit mode, the Register File is divided into 16 working 


LOCATION 


register groups, each occupying 16 continuous locations. 
The Register Pointer addresses the starting location of the 
active working-register group. 


Note: Register Bank EO-EF can only be accessed through 
working registers and indirect addressing modes. 


IDENTIFIERS 


255 Stack Pointer (Bits 7-0 SPL 


its 7-0) 
254 Stack Pointer (Bits 15-8) 1 SPH 


General-Purpose 
Registers 





P3 


P2 


P41 


PO 


Figure 12. Register File 
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7 6 5 £4 ra 2 r1 0 R253 


(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


FF 
ome f ris to RO 
FO 


cee Specified Working 
Register Group 
=o Register Group 1 





The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 


R15 to RO 
Register Group 0 R15 to R4 
I/O Ports R3 to RO 


Figure 13. Register Pointer 


RAM Protect. The upper portion of the RAM’s address 


spaces 80H to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect 
bit option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user can activate from the internal 
ROM code to turn off/on the RAM Protect by loading a bit 
D6 in the IMR register to either a O or a 1, respectively. A 
1 in D6 indicates RAM Protect enabled. 


ROM Protect. The first 4 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
dumping of the ROM contents by inhibiting execution of 
LDC,LDCI, LDE, and LDEl instructions to Program Memory 
in all modes. 


The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. | 


Note: With ROM Protect enabled, the Z86C11 cannot 
access the memory space. 


Stack. The Z86C11 has a 16-bit Stack Pointer (R254- 
R255) used for external stack that resides anywhere in the 
data memory for the ROMless mode, but only from 4096 to 
65535 in the ROM mode. An 8-bit Stack Pointer (R255) is 
used for the internal stack that resides within the 236 
general-purpose registers (R4-R239). The high byte of the 
Stack Pointer (SPH-Bit 8-15) is used as a general purpose 
register when using internal stack only. 
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Counter/Timers. There are two 8-bit programmable also be programmed to stop upon reaching zero (single 
counter/timers (TO-T1), each driven by its own 6-bit pro- | pass mode) or to automatically reload the initial value and 
grammable prescaler. The T1 prescaler canbe drivenby — continue counting (modulo-n continuous mode). 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 14). The counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
The 6-bit prescalers can divide the input frequency of the clock source for T1 is user-definable and can be either the 
clock source by any integer number from 1 to 64. Each __ internal microprocessor clock divided-by-four, or an exter- 
prescaler drives its counter, which decrements the value __ nal signal input through Port 3. The Timer Mode register 
(1 to 256) thathas been loaded intothecounter.Whenboth — configures the external timer input (P31) as an external 
the counters and prescaler reach the end of the count, clock, a trigger input that can be retriggerable or non- 
a timer interrupt request, IRQ4 (TO) or IRQ5 (11), is _ retriggerable, or as a gate input for the internal clock. Port 
generated. | 3 liné P36 also serves as a timer output (T,,,,) through 
which TO, T1 or the internal clock can be output. The 
The counter can be programmed to start, stop, restart to | counter/timers are cascaded by connecting the TO output 
continue, or restart from the initial value. The counterscan __ to the input of T7. 





Internal Data Bus 
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TO 
Current Value 
Register 


TO 
Initial Value 
Register 


PREO 
Initial Value 
Register 





6-Bit 









Counter IRQ4 
Internal 
Clock Serial I/O 
Clock 
External Clock P36 
6-Bit mm 8-Bit IRQS 





Down Down 
Counter | Counter 











Internal Clock 
Gated Clock 
Triggered Clock 











T1 
Initial Value 
Register 


T1 
Current Value 
Register 






Initial Value 
Register 





TIN P31 
Write 


Internal Data Bus 


Figure 14. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Interrupts. The Z86C11 has six different interrupts from 


eight different sources. The interrupts are maskable and > 


prioritized. The eight sources are divided as follows: four 
sources are Claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
15). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register. 


All Z86C 11 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis- 
ables all of the subsequent interrupts, saves the Program 
Counter and Status Flags, and then branches to the 
program memory vector location reserved for that interrupt. 
This memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 





Global 
Interrupt 
Enable 


Interrupt 
Request 


PRIORITY 
LOGIC 


Vector Select 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests need 
service. Software initialized interrupts are supported by 
setting the appropriate bit in the Interrupt Request (IRQ) 
register. 


Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 


For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd ToC 
cycle following the external interrupt sample point. 


IRQO - IRQ5 


Figure 15. Interrupt Block Diagram 
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Clock. The Z86C11 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 1 MHz to 16 MHz max, and series resistance (RS) is 


XTAL1 





XTAL2 


"— 


Ceramic Resonator 
or Crystal 





LC Clock 


less than or equal to 100 Ohms. The crystal should be 
connected across XTAL1 and XTAL2 using the recom- 
mended capacitors (10 pF < CL < 300 pF) from each pin 
to ground (Figure 16). 


XTALI XTALI 


| XTAL2 XTAL2 


External Clock 


Figure 16. Oscillator Configuration 


HALT. Will turn off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2 and IRQ3 remains active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en- 
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur- 
rent to 5 pA (typical). The STOP mode is terminated by a 
reset, which causes the processor to restart the applica- 
tion program at address OOOC (HEX). 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user executes 
a NOP (opcode = OFFH) immediately before the appropri- 
ate sleep instruction,. i.e.: 


FF NOP ~ ; clear the pipeline 

6F STOP ; enter STOP mode 
or 

FF NOP _— ;clear the pipeline 

7F HALT ; enter HALT mode 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Description Min Max _ Units 
Vs Supply Voltage” 0.3 +7.0 V 
sae Storage Temp -65 +150 °C 
‘ Oper Ambient Temp T °C 


Notes: 
* Voltages on all pins with respect to GND. 
t See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 17). 
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Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 


+5V 


2.1 kQ 


From Output 
Under Test 


150 pF 9.1kQ 


Figure 17. Test Load Diagram 
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DC CHARACTERISTICS 
T,=O0°C to 70°C }§=—s T, = -40°C to 105°C = Typical 
Sym Parameter Min Max Min Max @25°C Units Conditions 
Max Input Voltage 7 7 V ly 200 YA 
Ve, Clock Input High Voltage 3.8 Vo _t0.3 3.8 Vct0.3 V_ Driven by External Clock Generator 
V4 Clock Input Low Voltage —0.3 0.8 ~—0.03 0.8 V Driven by External Clock Generator 
Vy Input High Voltage 2.0 V¢t0.3 2.0 Voct0.3 V 
V, Input Low Voltage 0.3 0.8 -0.3 0.8 V 
Vo, Output High Voltage 2.4 2.4 Vo yy =—2.0 mA 
Vy, Output High Voltage ‘VV, .-100 mV V..-100 mV Voy =—100 pA 
V,, Output Low Voltage 0.4 0.4 VI = 49.0 mA 
Vay Reset Input High Voltage 3.8 Vect0.3 3.8 Vict0.3 V 
V,, Reset Input Low Voltage “03 0.8 0.03 0.8 V 
|, Input Leakage —2 2 =2 2 PAV = OV, VE, 
|, Output Leakage “2 2 =2 2 WAV = OV, Vi 
|, Reset Input Current 80 80 pA V,, = OV 
lc Supply Current 30 30 20 mA = [1] @ 12 MHz 
35 35 24 mA = [1] @ 16 MHz 
lec} Standby Current 6.9 6.5 4 mA [1] HALT Mode V,, = OV, V,,@ 12 MHz 
7.0 7.0 4.5 mA [1] HALT Mode V,, = OV, V,,@ 16 MHz 
loco standby Current 10 20 9 yA [1,2] STOP Mode V,, = OV, V,, 


Notes: 
[1] All inputs driven to either OV or V,., outputs floating. 
[2] logo requires loading TMR (F1H) with any value prior to STOP execution. 
Use this sequence: 
LD TMR,#00 
NOP 
STOP 
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Z86C11 
A SILAS CMOS Z8®MCU 


AC CHARACTERISTICS 
External I/O or Memory Read or Write Timing Diagram 











R/W ( y 
oe a 
(12) | 
Port 0, /DM (— x 
a q 
Ge ee ee 
pail a ” 
( A7-AO {J ( D7 - DOIN > ( 
eet he 
IAS e — 
. 
(5) (6) 

(Read) (17) 
pe he 
lc a 

7) 

(Write) 

(7) 


Figure 18. External I/O or Memory Read/Write Timing 
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2 Z86C11 
A SiLAS cwos Z8°CU 
AC CHARACTERISTICS 
External I/O or Memory Read or Write Timing Table 
T, = 0°C to 70°C T, = —40°C to 105°C 
12 MHz 16 MHz 12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max Min Max Min Max Units Notes 
1 TdA(AS) Address Valid to /AS Rise Delay 35 25 35 29 ns (2, 3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 35 45 35 ns (2, 3] 
3. TdAS(DR) /AS Rise to Read Data Req'd Valid 200 180 200 180 ns [1, 2,3] 
4 TwAS /AS Low Width 59 40 90 40 ns (2, 3] 
5 TdAZ(DS) Address Float to /DS Fall 0 0 0 0 ns 
6  TwDSR /DS (Read) Low Width 185 135 185 135 ns 1, 2,3] 
7 ~~ TwOSW /DS (Write) Low Width 110 80 110 80 ns [1, 2,3] 
8  TdDSR(DR)  /DS Fall to Read Data Req'd Valid 130 75 130 75 ns [1, 2,3] 
9 ThDR(DS) Read Data to /DS Rise Hold Time 0 0 0 0 ns (2, 3] 
10  TdDS(A) /DS Rise to Address Active Delay 65 50 65 50 ns [2, 3] 
11. TdDS(AS) /DS Rise to /AS Fall Delay 45 35 45 35 ns — 2, 3] 
12 TdR/W(AS) R//W Valid to /AS Rise Delay 30 20 33 25 ns (2, 3] 
13 TdDS(RAW) —_/DS Rise to R//W Not Valid 50 35 50 35 ns [2,3] 
14. TdDW(DSW) — Write Data Valid to /DS Fall (Write) Delay 35 29 35 25 ns (2, 3] 
15 TdDS(DW) /DS Rise to Write Data Not Valid Delay 50 35 50 35 ns (2, 3] 
16 TdA(DR) Address Valid to Read Data Req'd Valid 310 230 310 230 ns [1, 2, 3] 
17 TdAS(DS) /AS Rise to /DS Fall Delay 65 45 65 45 ns (2, 3] 
18 TdDI(DS) Data Input Setup to /DS Rise 15 60 15 60 ns [1,2,3] 
19 TdDM(AS) /DM Valid to /AS Rise Delay 50 30 50 30 ns [2, 3] 
Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. Clock Dependent Formulas 
[3] See clock cycle dependent characteristics table. 
Standard Test Load Number Symbol Equation 
All timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

1 TdA(AS) 0.40TpC + 0.32 

2 TdAS(A) 0.59TpC — 3.25 

3 TdAS(DR) 2.38TpC + 6.14 

4 TWAS O.66TpC — 1.65 

6 TwDSR 2.33TpC — 10.56 

Fi TwDSW 1.27TpC + 1.67 

8 TdDSR(DR) 1.97TpC - 42.5 

10 TdDS(A) 0.8TpC 

11 TdDS(AS) 0.59TpC - 3.14 

12 — TdRMW(AS) 0.4TpC 

13 TdDS(R/W) O0.8TpC — 15 

14 TdDW(DSW) 0.4TpC 

15 TdDS(DW) 0.88TpC — 19 

16 TdA(DR) A4ATpC — 20 

17 TdAS(DS) 0.91TpC — 10.7 

18 TsDI(DS) 0.8TpC — 10 

19 TdDM(AS) 0.9TpC — 26.3 
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: | 786C11 
YW Silas CMOS 28° MCU 


AC CHARACTERISTICS 
Additional Timing Diagram 





Tin 
IRQ N 
Figure 19. Additional Timing 
AC CHARACTERISTICS 
Additional Timing Table 
T, = 0°C to 70°C T, = —40°C to 105°C 
12 MHz 16 MHz 12 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Min Max Min Max Units Notes 
1 ~~ -TpC Input Clock Period 83 1000 625 1000 83 1000 625 1000 ons [1] 
2 = 7TrC,TtC Clock Input Rise & Fall Times 15 10 15 10 ns [1] 
3 TwC Input Clock Width 35 25 35 25 ns [1] 
4 TwTint Timer Input Low Width 15 1$ 15 le ns [2] 
5  TwiinH Timer Input High Width 3TpC 3TpC 3TpC 3TpC [2] 
6 = Tpftin Timer Input Period 8TpC 8TpC 8TpC 8TpC [2] 
7 TrTin,TfTin Timer Input Rise & Fall Times 100 100 100 100 ns [2] 
8A TwiL Interrupt Request Input Low Times 70 70 70 50 ns [2, 4] 
8B sTwiL Interrupt Request Input Low Times 3TpC 3TpC 3TpC 3TpC (2, 5] 
9  TwiH Interrupt Request Input High Times 3TpC 3TpC 3TpC 3TpC [2, 3] 


Notes: 

[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

[3] Interrupt references request through Port 3. 

[4] Interrupt request through Port 3 (P33-P31) 

[5] Interrupt request through Port 30. 
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2 Z86C11 
AW SiLAasS CMOS Z8° MCU 
AC CHARACTERISTICS 
Handshake Timing Diagrams 


Data In ( Data In Valid > Next Data In Valid 


@) 2) 


3) 
‘nut Cd Delayed DAV 
nput 


4) 








RDY Delayed RDY 
(Output) RF eee eee 
Figure 20. Input Handshake Timing 
Data Out ( Data Out Valid | Next Data Out Valid 
7) 
/DAV 
(Output) 
RDY Delayed RDY y 
(Input) ee Jt epee 
Figure 21. Output Handshake Timing 
AC CHARACTERISTICS 
Handshake Timing Table 
T, = 0°C to 70°C T, = 40°C to 105°C 

12 MHz 16 MHz 12 MHz 16 MHz Data 
No Symbol Parameter Min Max Min Max Min Max Min Max Direction 
| TsDI(DAV) Data In Setup Time 0 0 0 0 In 
2 ThDI(DAV) Data In Hold Time 145 145 145 145 In 
3 TwDAV Data Available Width 110 110 110 110 In 
4 TdDAVI(RDY) DAV Fall to RDY Fall Delay 115 115 115 115 In 
5 TdDAVId(RDY) DAV Rise to RDY Rise Delay 115 115 115 115 In 
6 TdDO(DAV) RDY Rise to DAV Fall Delay 0 0 0 0 In 
7 - TcLDAVO(RDY) Data Out to DAV Fall Delay TpC TpC TpC TpC Out 
8 TcLDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 0 0 Out 
9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 115 115: 2 115 Out 
10 + TwRDY RDY Width 110 110 110 110 Out 
11 TdRDYOd(DAV) RDY Rise to DAV Fall Delay 115 115 115 115 Out 
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, _Z86C11 
A 2iLdS CMOS Z8°MICU 
Z8 CONTROL REGISTER DIAGRAMS 
R240 SIO R243 PRE1 
[o7{ be] o5] D4] ps] 02] 01 | bo [pr] pe] 05} o4] Da] na} ot | bo 
Se eas eaten 
0 T1 Single Pass 
1 T1Modulo N 
Figure 22. Serial I/O Register sar eae 
(FOH: Read/Write) 0 T1 External Timing Input 
(Tin) Mode 


R241 TMR 


[07] 06] ps] 04] pa] pa] or} bo 


No Function 
Load TO 


Disable TO Count 
Enable TO Count 


Ir 


No Function 
Load Ti 


Disable T1 Count 
Enable T1 Count 


Tin Modes 

00 External Clock Input 

01 Gate Input 

10 Trigger Input 
(Non-retriggerable) 

11. Trigger Input 
(Retriggerable) 


=~-~O 


-~O 


TouT Modes 

00 Not Used 

01 TO Out 

10 Ti Out 

11. Internal Clock Out 


Figure 23. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


[07] v6] 0s] D4] ps} b2] | bo] 


| 


T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

Ti Current Value 
(When Read) 


Figure 24. Counter/Timer 1 Register 
(F2H: Read/Write) 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 25. Prescaler 1 Register 
(F3H: Write Only) 


R244 T0 





(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 


Figure 26. Counter/Timer 0 Register 
(F4H: Read/Write) 


R245 PREO 
[07| De} D5] D4] bs] D2] o%] bo} 
L Count Mode 


Q TO Single Pass 
1 TO Modulo-n 


Reserved (Must be 0.) 
Prescaler Modulo 


(Range: 1-64 Decimal 
01-00 HEX) 


Figure 27. Prescaler 0 Register 
(F5H: Write Only) 


A ZiLAS 


Z86C11 
CMOS Z8® MCU 





R246 P2M 


[07] be} ps] p+] 03] bz} 01 | Do 


| 


P20 - P27 1/O Definition 


0 Defines Bit as Output 


1 Defines Bit as Input 


Figure 28. Port 2 Mode Register 
(F6H: Write Only) 


R247 P3M 


7 [pe] os | p+] oa] p2} 01 | oo 


ir: 


O Port 2 Open Drain 
1 Port 2 Push-pull 


Reserved (Must be 0.) 


0 P82 =Input 
P35 = Output 

1 P32 =/DAVO/RDYO 
P35 = RDYO//DAVO 


00 P33 = Input 
P34 = Output 

01 )\ P33 = Input 

10 } P34=/DM 

11. P33 = /DAV1/RDY1 
P34 = RDY1//DAV1 


0 P31 = Input (TIN) 
P36 = Output (TOUT) 

1 P31 =/DAV2/RDY2 
P36 = RDY2//DAV2 


0 P30 = Input 
P37 = Output 

1 P30 = Serial In 
P37 = Serial Out 


0 Parity Off 
Parity On 


—_ 


Figure 29. Port 3 Mode Register 
(F7H: Write Only) 


R248 PO1M 


o7 [pe] ps | o4 } 03 [oe] 1] bo 


[Tr 


Po - POo Mode 
00 Output 
01 Input 
1X Ai1- As 


Stack Selection 
QO External 
1 Internal 


P17 - P1o Mode 
00 Byte Output 
01 Byte Input 
10 AD7-ADo 
it High-lmpedance AD? - DAo, 
/AS, /DS, /R/W, A11- As, 
A15- A1z2, If Selected 


External Memory Timing 
0 Normal 
1 Extended 


P07 - P04 Mode 
00 Output 
01 Input 
1X A15-A12 


Figure 30. Port 0 and 1 Mode Register 
(F8H: Write Only) 


R249 IPR 


57] pe] ps} pe] oa] v2} or] oo| 


Interrupt Group Priority 
Reserved = 000 
C>A>B=001 
A>B>C=010 
A>C>B=011 
B>C>A= 100 
C>B>A= 101 
B>A>C= 110 
Reserved = 111 


IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IRQ4>IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2>IRQO 
1 IRQO > !IRQ2 

IRQ3, IRQ5 Priority (Group A) 
0 IRQ5>IRQ3 
1 IRQ3>1RQ5 


Reserved (Must be 0.) 


Figure 31. Interrupt Priority Register 
(F9H: Write Only) 
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A 2iLCS 


Z86C11 
CMOS Z8®MCU 


Z8 CONTROL REGISTER DIAGRAMS (Continued) 


R250 IRQ 


[pr] pe} os] p+] oa} va} obo 
ea 


IRQO = P32 Input (DO = IRQO) 
IRQ1=P33 Input 

IRQ2 = P31 Input 

IRQ3 = P30 Input, Serial Input 
IRQ4=TO Serial Output 
IRQ5 =T1 


Reserved 


Figure 32. Interrupt Request Register 
(FAH: Read/Write) 


R251 IMR 


[or [pe Jos} 04 | os [oe] D+ | no] 


— 


Enables IRQ5-IRQO 
(Do = 1RQO) 


Enables RAM Protect 
Enables Interrupts 


Figure 33. Interrupt Mask Register 
(FBH: Read/Write) 


R252 FLAGS 
eros] >] os]ee]oi]oo 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 


Ii 


Carry Flag 


Figure 34. Flag Register 
(FCH: Read/Write) 
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R253 RP 


p7 [06 Jos | os} 03 | 2} 01 [oo| 


0 Reserved 
r4 
r5 
r6 
17 


Ir 


Register Pointer 


Figure 35. Register Pointer Register 
(FDH: Read/Write) 


R254 SPH 


[07] be} ps] D4} pa} v2} ot] bo 
a, Paar Stack Pointer Upper 


Byte (SP15- SPs) 


Oo 
NX 


Figure 36. Stack Pointer Register 
(FEH: Read/Write) 


R255 SPL 


57} 66} bs 04] pa] na] ot | 20 


| 


Stack Pointer Lower 
Byte (SP7 - SPo) 


Figure 37. Stack Pointer Register 
(FFH: Read/Write) 


A 2iLdS 


286011 
CMOS Z8° MCU 





INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera- 
tions as shown in the instruction summary. 


Symbol 
IRR 


Irr 
X 
DA 
RA 
IM 
R 

r 
IR 


Ir 
RR 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 

Indirect working-register address only 
Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol 


Meaning 


Destination location or contents 
source location or contents 
Condition code 

Indirect address prefix 

Stack Pointer 

Program Counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Flags. Control register (R252) contains the following six 


flags: 


Symbol 


TCOU<ONQ 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


—h 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 
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<< ) Z86C11 

A 2iLCS CMOS 28° MCU 
CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 

0111 C Carry Cel 

1111 NC No Carry C=0 

0110 Z Zero Vga 

1110 NZ Not Zero Z=0 

1103 Pl Plus 5=0 

0101 MI Minus S = 1 

0100 OV Overflow V=1 

1100 NOV No Overflow V=0 

0110 EQ Equal Le 

THO NE Not Equal Z=0 

1001 GE Greater Than or Equal (S XOR V) = 0 

0001 LT Less than (S XOR V) = 1 

1010 GT Greater Than [Z OR (S XOR V)] = 0 

0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned Greater Than or Equal C=0 

0111 ULT Unsigned Less Than Ce 

1011 UGT Unsigned Greater Than (C=0 AND Z=0)=1 

0011 ULE Unsigned Less Than or Equal (C OR Z) = 

0000 Ec Never True (Always False) 
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. 286C11 
AW SiLas CMOS 28° MCU 
INSTRUCTION FORMATS 





OPC CCF, Di, El, IRET, NOP, 


ACF, RET, SCF 
[_dst_| orc | 


One-Byte Instructions 


OPC CLR, CPL, DA, DEC, 


DECW, INC, INCW, 
dst/src OR POP, PUSH, AL, RLC, 
RR, RRC, SRA, SWAP 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 


FOR; 11101 — src 


on [rt 


5 
@) 


JP, CALL (indirect) 


on [1110] dst 


d 


77) 


ADC, ADD, AND, CP, 


_dst_| 
on Litto] ost_} teu tM, xOR 








OPC SRP 
VALUE 
LD 
| oPc | MODE. ADC, ADD, AND, CP, oR] 1110 
OR, SBC, SUB, TCM, 
| MODE | OPC LD, LDE, LDEI, LD 
eae 
on [1110 uP 
|_ast_|_oPc LD 
VALUE 
| OPC CALL 
| ds/CC | OPC | DJNZ, JR DAU 
[DAL 
FFH STOP/HALT 
6FH 7FH 
Two-Byte Instructions Three-Byte Instructions 





INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol notation “addr (n)” is used to refer to bit (n) of a given 
“e", For example: operand location. For example: 


dst — dst + src dst (7) 


indicates that the source data is added to the destination _ refers to bit 7 of the destination operand. 
data and the result is stored in the destination location. The 
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: , Z86C11 
A <—iLGis CMOS Z8®MCU 
INSTRUCTION SUMMARY 
Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) C ZS VODH and Operation dst src (Hex) C ZS VOD 
ADC dst, src t 1[ ] * ke KO * INC dst r rE - Kk OK - 
dste—dst + src +C dste—dst + 1 r=0-F 
R 20 
ADD dst, src t Of | k ok oe 0 R 4 
dst<—dst + src 
AND dst sic ; a] oar INCW dst RR AO - * kK - 
: : tdst + 1 IR Al 
dst<—dst AND src ues 
IRET BF * OK KK KK 
CALL dst DA D6 Si et ca aS AS FLAGS—@SP: 
SP<—SP — 2 IRR D4 SPe_SP 4 J 
oe SPeSP +2: 
CCF EF a oS IMR(7)<—1 
CCNOTC JP cc, dst DA cD - - = = = 
CLR dst R BO Saas ae, ee oo if cc is true, c=0-F 
dste—0 IR BI PC<—dst IRR 30 
COM dst R 60 - ok *& 0 - JR cc, dst RA cB a 
dsteNOT dst IR 61 if cc Is true, c=0-F 
PC<—PC + dst 
CP dst, src ii Al ] kK KOK - Range: +127, 
dst — src =128 
DA dst R 40 * KK X - LD dst, src r im - - - - = 
dste—DA dst IR 4} dstesrc r R 8 
9 
DEC ds R 00 kK OK - DM ee 
dst—dst — 1 IR 01 , xX C7 
DECW dst RR 80 - kk OK - X r OD? 
dst<—dst — 1 IR 81 ro o6drlOBB 
lr of F3 
DI 8F - - = = - R R F4 
IMR(7)<-0 R IR 65 
DINZr, dst RA A 5 aerate Le ee 
0-F IR IM E7 
fail cae IR RFS 
ifr4#0 
PC<-PC + dst LDC dst, src r Ir C2 ee ee 
Range: +127, dstesrc 
—128 
LDCI dst, src lr ir 8 - - = = = 
El OF a ie ei Se dstesrc 
IMR(7)<—1 rer +1; 
HALT 7 are re—r+1 
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Z86C11 
A SiLas CMOS 28° MCU 





Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) CZSVODH and Operation dst src (Hex) CZSVODH 
NOP FF - - - - -- STOP 6F 1----- 
OR dst, src t 4 ] - *K #0 - - SUB dst, src T al | a oe or ee 
dste—dst OR src dste—dst<_src 
POP dst R 50 - 5 ee ee SWAP dst R FO X * # X - - 
dst«—-@SP; IR 51 IR F4 
PUSH src R 70 - - - = - = L__ 
SP<-SP — 1; IR 71 TCM dst, src if 6[ ] - *£* OQ - - 
@$Pesre (NOT dst) 
ee AND src 
RCF CF 0 ----- 
C0 TM dst, src ij 7[ ] - &** 0 - - 
$$ $$ A. ___ st AND sre 
RET AF ee oe oe oe 
PC<-@SP.: XOR dst, src I B[ ] - * * Q - - 
SPe-SP +2 dst«—dst 
sie aa ee XOR SIC 
RL dst R 90 *k ok KK - - 
lan i st t+ These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
BAA. - 2 © a7. ap Gear. 2 set table above. The second nibble is expressed symbolically by a ‘[ ]’ 
RLC dst R 10 ea in this table, and its value is found in the following table to the left of the 
fl ce IR 1 applicable addressing mode pair. 
Cc 17 0 | 
S$ For example, the opcode of an ADC instruction using the addressing 
RR dst R EO kK KK - - modes r (destination) and Ir (source) is 13. 
| , IR E1 
[7 of 
| Address Mode Lower 
RRC dst R CO * kK K- - dst src Opcode Nibble 
IR ] ong ee ee ae 
[o}-[7 oH 7 r r [2] 
SBC dst, src t St | kK K *K 1 OF r Ir [3] 
dstedste-src<—C 
OT R R [4] 
SCF DF Vitec Se ee 
Cl R IR (5] 
SRA dst R DO *#e KD - - 
IR D1 R IM [6] 
Ga IR IM [7] 
SRP dst lm 31 - 5 2 ee 
RP<sre 


4-31 





3 26C11 
A SiLAS CMOS Z8®MCU 
OPCODE MAP 
Lower Nibble (Hex) 
0 1 2 7 8 A B C D E F 


Upper Nibble (Hex) 


6.5 6.5 10.5 10.5 10.5 10.5 | 
DEC Bee xDD ADD | ADD } ADD | ADD | ADD 
R1 a r1,r2 | r1,lr2 | R2, R17 IR2, Ri} R1, IM | iR1, IM] 
6.5 6.5 10.5 | 10.5 10.5 10.5 | 
RLC aie pe ADC | ADC | ADC | ADC | ADC 
R1 IR1 | 4,2 | r1,tr2 | R2,R1 | IR2,R1] R41, IM | R41, IM] 
6.5 65 10.5 | 10.5 10.5 10.5 
INC ic Sin SUB | SUB | SUB | SUB | SUB 
R1 IR14 r1,r2 | ri, Ir2 | R2,R1 | IR2, R17] R1, IM | |!R1, IM 


8.0 6.5 10.5 10.5 10.5 10.5 | 
JP cnr spt SBC | SBC | SBC | SBC | SBC | 
, IRR1 | ri,r2 |] rt, tr2 | R2, R1 | |IR2, R1| aa 1M | LIR4, Mj 


8.5 6.5 10.5 10.5 10.5 pe 
DA OR OR OR OR 
R1 ae PY "2 r1, Ir2 | R2,R1|IR2, R1} R1, IM ay ir 
10.5 10.5 6.5 10.5 10.5 10.5 10.5 
— POP re AND | AND | AND | AND | AND 
IR1 r1,r2 } rt, tr2 | R2, R1 | IR2, R41] R1, 1M | 1R1, iM 
x 6.5 6.5 10.5 10.5 10.5 10.5 
COM | COM ia TCM | TCM | TCM | TCM | TCM 
R1 IR1 r1,r2 | ri, tr2 | R2, R17 IR2,R1} R1, IM | IR1, 1M 
10/12.1] 12/14.1 6.5 10.5 10.5 10.5 
PUSH | PUSH ™ ™ ™ ™ 
R2 IR2 BS 7 r1, Ir2 | R2, R1 | IR2, R1] R1, iM my a 


10.5 10.5 12.0 18.0 


DECW | DECW]| LDE LDEI 
RR1 IR1 rd, Irr2 | Urd, Irr2 


6.5 6.5 12.0 ; 
RL RL LDE LDE| 
R1 IR1 r2, Urrd | lr2, irr | 


10.5 10.5 6.5 10.5 10.5 10.5 
INCW | INCW CP CP CP CP 
RR1 ~ Pi : r1, ir2 | R2, R17} IR2, Ri] R1, IM a 7. 
65 6.5 10.5 10.5 10.5 10.5 
CLR ee oe XOR | XOR | XOR XOR XOR 
R1 - r1,r2 | ri, ir2 | R2,R17IR2, Ri} R1, IM | IR1, IM 
6.5 12.0 18.0 bes 5 
RRC Bac LDC LDCI 
R1 | IR Jr, Irr2 | rt, trr2 | lag be Re 


6.5 6.5 12.0 | 18.0 20.0 20.0 a 
ae | SRA | LDC | LDCI | CALL* lar 


= r2, Irrd | Ir2, irrt | IRR1 rere 


6.5 10.5 dy ne 10.5 
LD LD LD 
a r1, IR2 | R2, R41 Re, Rt Rt, iM IR1, IM 
8.5 8.5 eg 
SWAP | SWAP 
R1 IR14 1 "2 Fo. RI 


Bytes per Instruction 







Lower 
Opcode 
Nibble 
Execution | Pipeline 
Cycles Cycles 
Upper 
Opcode ——« A] Mnemonic 
Nibble 
First ‘ Second 
Operand Operand 





Legend: 

R = 8-bit address 

r = 4-bit address 

R4or ro= Dst address 
Ror ro= Src address 


Sequence: 

Opcode, First Operand, 
Second Operand 

Note: Blank areas not defined. 


* 2-byte instruction appears as a 
3-byte instruction 


x} Yo 
oO Oo 
| 


ma] m2] 9® 
+0 = = 


ss im 
m ©& 
= O 
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786 
A SILAS CMOS Z8°MCU 
PACKAGING INFORMATION 















MILLIMETER INCH 


” 
< 
z 
w 
g 

= 

un 4 

N u 

u us 


L 










070 


Ql 






ul 
% 
=) 
x 





Bi 


2.54 TYP 100 TYP 











































for mah 
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40-Pin DIP Package Diagram 
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44-Pin PLCC Package Diagram 
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12 MHz 

40-pin DIP 44-pinPLCC  44-pin QFP 
Z86C1112PSC Z86C1112VSC Z86C1112FSC 
Z86C1112PEC Z86C1112VEC Z86C1112FEC 


16 MHz 
40-pin DIP 44-pin PLCC 44-pin QFP 
Z86C1116PSC Z86C1116VSC Z86C1116FSC 


For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 


Package . 
P = Plastic DIP 
V = Plastic Chip Carrier 


Longer Lead Time 
F = Plastic Quad Flat Pack 


Temperature 
S = 0°C to + 70°C 
E = -40°C to 105°C 


Speed 
12 = 12 MHz 
16 = 16 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 86C11 12 P S C is a Z86C11, 12 MHz, DIP, O°C to +70°C, Plastic Standard Flow 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 
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Introduction 


Z86C07 Z8° CMOS 
8-Bit Microcontroller 


Z86C08 Z8° CMOS 
8-Bit Microcontroller 


Z86E08 Z8° CMOS 8-Bit 
OTP Microcontroller 


Z86C11 Z8° CMOS 
Microcontroller 


286012 Z8® CMOS 
In-Circuit Emulator MCU 


Z86C21 Z8° CMOS 
8K ROM Microcontroller 
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FEATURES 

mM 8-bit CMOS Microcontrolier Emuiator 

m 84-Pin PGA Package 

m 4.5 to 5.5 Volt Operating Range 

m Low Power Consumption - 275 mW (max) 
m Average Instruction Execution Time of 1 us 
m Fast Instruction Pointer - 0.6 ws @ 16 MHz 
m Two Standby Modes - STOP and HALT 

M 32 Input/Output Lines 


m Full-Duplex UART 


GENERAL DESCRIPTION 


The Z86C 12 architecture is characterized by Zilog’s 8-bit 
microcontroller core. The device offers fast execution, 
more efficient use of memory, more sophisticated inter- 
rupts, input/output bit manipulation capabilities, easy hard- 
ware/software system expansion, a flexible I/O scheme, 
an efficient register and address space structure, multi- 
plexed capabilities between address/data, and a number 
of ancillary features that are useful in many industrial and 
advanced scientific applications. 


For applications which demand powerful I/O capabilities, 
the Z86C12 provides 32 pins dedicated to input and 
output. These lines are grouped into four ports. Each port 
consists of eight lines and is configurable under software 
control to provide timing, status signals, serial or parallel 
I/O with or without handshake, and an address/data bus 
for interfacing external memory. 


PRODUCT SPECIFICATION 


286612 


Z8® CMOS 
IN-CIRCUIT EMULATOR 


@ Ail Digital inputs are TTL Levels 
m Six Memory Emulation Modes. 
m 256 Bytes of RAM 


m Two Programmable 8-Bit Counter/Timers Each with 
6-Bit Programmable Prescaler. 


m Six Vectored, Priority Interrupt from Eight Different 
Sources 


m Clock Speed 16 MHz 


m On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC or External Clock Drive. 


There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 General Purpose Registers. 


To unburden the program from coping with real-time tasks 
such as counting/timing and serial data communication, 
the Z86C 12 offers two on-chip counter/timers with a large 
number of user selectable modes, and a universal asyn- 
chronous receiver/transmitter (Figure 1. Functional Block 
Diagram). 

Notes: 

All Signals with a preceding front slash, "/", are active Low, e.g.: 
B/W (WORD is active Low); /B/W (BYTE is active Low, only). 


Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Mee Vop 
Ground GND V 


ss 
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GENERAL DESCRIPTION (Continued) 


The Z86C12 In-Circuit Emulator development device al- 
lows users to prototype a system with an actual hardware 
device and to develop the code. This code is eventually 
mask-programmed into the on-chip ROM for most of the 
Z86CXX devices. Development devices are also useful in 
emulator applications where the final system configura- 
tion, memory configuration, I/O, interrupt inputs, etc., are 
unknown. The Z86C 12 development device is identical to 
its equivalent Z86C21 microcontroller with the following 
exceptions: 


Output Input Vcc GND 


Port 3 


UART 


Counter/ 
Timers (2) 






Register 
Pointer 
Register File 
256 x 8-Bit 


Interrupt 
Control 


/O Address or I/O 








(Bit Programmable) (Nibble Programmable) 


Z86C12 Z8®CMOS 
IN-CIRCUIT EMULATOR 


No internal ROM is provided, so that code is developed 
in off-chip memory. Five size inputs configure the 
memory boundaries. 


The normally internal ROM address and data lines are 
buffered and brought out to external pins to interface 
with the external memory. 


Control lines (/MAS and /DAS) are added to interface 
with external program memory. 


The Timing and Control, I/O ports, and clock pins on 


the Z86C12 are identical in function to those on the 
Z86C21. 


XTAL /AS /DS R//W /RESET 


Machine Timing 
and 
Instruction Control 


/SIZEO 
/SIZE1 
/SIZE2 
ICE Control fae 
Block A ACK 
/MAS 
/MDS 
/SYNC 
SCLK 


Program 
Program 
16° Address 


Bus 


Program 
Buffer ¢—] Memory 
8 Data 








Address/Data or I/O . 
(Byte Programmable) 


Figure 1. Functional Block Diagram 
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PIN DESCRIPTION 


Timing 
and 
Control 


PORT 0 
(Nibble 
Programmable 
I/O or A15-A8 


PORT 1 

(Byte 
Programmable 
1/O or 
AD7-ADO) 


Program 
Memory Data 
Inputs 


ROM Size 
Inputs 


Status and 
Memory Control 


Ground 


ao ee OO eee) O_O OOO eee OC eon 


/RESET 
PW 
/DS 
/AS 
Poo 
Pot 
Po2 
P03 
P04 
P05 
P06 
P07 
P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 
DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 
/SIZEO 
/SIZE1 
/SIZE2 
/SIZE3 
SIZE4 
NACK 
/MAS 
/MDS 
/SYNC 
SCLK 
GND 
GND1 
GND2 
GND3 


Z86C12 





Figure 2. Z86C12 Pin Functions 


PORT 2 
(Bit Programmable) 


PORT 3 
Serial and Parallel 
I/O Control 


Program 
Memory 
Address 
Outputs 
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PIN DESCRIPTION (Continued) 


A 
B 
C 
D 
E 
F 
G 
H 
J 
K 


OOOOOQOOO@ 
OOOOOO©OOO@ 
© ©O©®@ 
© OO©©@ 
© OO@ 
© OO@ 
OOOOQOOOOO 
OOOOQOOQOOOO 
OOOOQOOQOOOOOS 


© 
© 
© 
© 
© 
© 
© 
© 


O© 
©© 
©O@© 
©© 
©O© 
©O@© 
©© 
©O@© 
© 

© 





10098765 4832 1 


Figure 3. 84-Pin PGA Pin Configuration 


Table 1. 84-Pin PGA Pin Assignments 


Name Pin Name Pin Name Pin Name Pin 
/AS B2 Ad K6 P02 D2 P27 C7 
IDS C4 A6 J6 ROS D1 P30 B4 
IMAS E1 A7 K8 PO4 ES P31 B7 
/MDS G3 A8 J5 PO5 G1 P32 C2 
/RESET B3 AQ K4 PO6 H1 P33 D9 
/SIZEO A3 DO H3 PO7 J1 P34 E10 
ISIZE1 C5 D1 K2 Pi0 G8 P35 B1 
ISIZE2 A6 D2 J3 P14 G9 P36 A7 
ISIZE3 C6 D3 K3 P12 G10 P37 Ad 
ISYNC F1 | D4 H8 P13 F8 R//W Al 
AO JQ D5 J10 P14 D10 SCLK G2 
Al H7 D6 H9 P15 C10 SIZE4 F10 
A10 J4 | D7 H10 P16 B10 Vee A4 
A11 H4 [ACK F2 Pay E9 oy B6 
Al2 K9 N/C J2 P20 C9 ee F9 
A13 K7 N/C C3 P21 A10 GND F3 
A14 K5 N/C D8 P22 B9 GND1 E2 
A15 H5 N/C H2 P23 C8 GND2 H6 
A2 K10 N/C K14 P24 AQ GNDS3 E8 
A3 J8 POO C1 P25 — B8 XTAL1 B5 
A4 J7 PO1 D3 P26 A8 XTAL2 A2 
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PIN FUNCTIONS 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external program. Program or data 
memory address transfers are valid at the trailing edge of 
/AS. Under program control, /AS can be placed in the high- 
impedance state along with Ports O and 1, Data Strobe, 
and Read/Write. 


XTAL1, XTAL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 


R//W (output, write Low). The Read/Write signal is Low 
when the Z86C 12 Is writing to external program or data 
memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C 12 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset will occur. On 
the fifth clock after the /RESET is detected, an internal 
RESET signal is latched and held for an internal register 
count of 18 external clocks, or for the duration of the 
external /RESET, whichever is longer. During the reset 
cycle, /DS is held active Low while /AS cycles at a rate of 
TpC/2. When /RESET is deactivated, program execution 
begins at location OOOC (HEX). Reset time is held Low for 
50 ms, or until V., is stable, whichever is longer. 


D7-DO Data Bus (inputs, TTL compatible). These eight 
lines provide the input data bus to access external memory, 
which is emulating the on-chip ROM. During read cycles in 
the internal memory space the data on these lines is 
latched in just prior to the rise of the /MDS data strobe. 


A15-A0 Address Bus (outputs TTL compatible). During T1 
these lines output the Current memory address. All ad- 
dresses, whether internal or external, are output. 


IMAS Memory Address Strobe (output, TTL compatible). 
This line is active during every T1 cycle. The rising edge of 
this signal is used to latch the current memory address on 


the lines A15- AO. This line is always valid. Itis not tri-stated 
when /AS is tri-stated. 


IMDS Memory Data Strobe (output, TTL compatible). This 
is a timing signal used to enable the external memory to 
emulate the on-chip ROM. Itis active only during accesses 
to the on-chip ROM memory space as selected by the 
configuration of the SIZEn pins. 


ISCLK System Clock (output, TTL compatible). This line is 


the internal system ciock. 

ISYNC Sync Signal (output, TTL compatible). This signal 
indicates the last clock cycle of the currently executing 
instruction. 


NACK Interrupt Acknowledge (output, TTL compatible). 
This output, when Low, indicates that the Z86C12 is an 
interrupt cycle. 


/SIZEO, /SIZE1, /SIZE2, /SIZE3, /SIZE4 (Inputs, TTL com- 
patible). The SIZEn lines control the emulation mode of the 
Z86C12. The functions are defined as shown in Table 2. 
The Z86C12 need not be RESET when the state of these 
lines is changed. 


Table 2. Memory Size Configuration 


ISIZE4 /SIZE3 /SIZE2 /SIZE1 /SIZEQ Memory 


0 1 1 1 1 ROMless 
0 1 1 1 0 2K ROM 
0) 1 1 0 1 4K ROM 
0) 1 0 1 8K ROM 
0 0 1 1 16K ROM 
1 1 1 1 32K ROM 


Note: The SIZE pins can be configured to make the 
memory control signals (/MAS, /MDS, R/MW, /AS, and /DS) 
look like the Z86C91 ROMless device. However, on power- 
up or reset, Ports O and 1 are configured as inputs, rather 
than A15-A8 and AD7-ADO, respectively. This means that 
if ROMless mode is desired, the device is powered up in 
ROM mode, and executes a few instructions through the 
Z86C 12 address/data ports. These instructions reconfigure 
the ports as required, and then the SIZE inputs can be set 
to ROMless mode - but without a RESET. 
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PIN FUNCTIONS (Continued) 
/O Ports 


Port 0 (PO7-P00). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight I/O lines 
can be configured under software control as a nibble I/O 
port, or as an address port for interfacing external memory. 
When used as an |/O port, Port O may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data available and Ready). Handshake signal 
assignment is dictated by the I/O direction of the upper 
nibble PO7-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. For the ROMless option, PortO appears as A15-A8 
Address lines after reset. 


<a 
Gay 


Z86C12 
ICE 


OEN 


OUT 





786C12 Z8°CMOS 
IN-CIRCUIT EMULATOR 


For external memory references, Port O provides address — 
bit A11-A8 (lower nibble) or A15-A8 (lower and upper 
nibble) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
PortO can be programmed independently as I/O, while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for I/O operation, they must be configured by 
writing to the Port O Mode register. In ROMless mode, after 
a hardware reset, Port 0 lines are defined as address lines 
A15-A8, and extended timing is set to accommodate slow 
memory access. The initialization routine can include 
reconfiguration to eliminate this extended timing mode 
(Figure 4), 


Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 


Figure 4. Port 0 Configuration 
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Port 1 (P10-P17). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad- 
dress (A7-AO) and Data (D7-DO) ports. For the Z86C 12, 
these eight I/O lines can be programmed as Input or 
Output lines or the port can be configured, under software 
control, as an address/data port for interfacing external 
memory. When used as an |/O port, Port 1 can be placed 
under handshake control. In this configuration, Port 3 lines 
P33 and P34 are used as the handshake controls RDY1 
and /DAV1, respectively. 


Memory locations greater than 8192 are referenced through 
Port 1. To interface external memory, Port 1 is programmed 


oom 


Z86C12 
ICE 


OEN 


OUT 
TTL Level Shifter 
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for the multiplexed Address/Data mode. If more than 256 
external locations are required, Port O outputs the addi- 
tional lines. 


Port 1 can be placed in the high-impedance state along 
with Port 0, /AS, /DS and R//W, allowing the Z86C12 to 
share common resource in multiorocessor and DMA appili- 
cations. Data transfers can be controlled by assigning P33 
as a Bus Acknowledge input, and P34 as a Bus Request 
output (Figure 5). 


Port 1 
(I/O or AD7 - ADO) 


Handshake Controls 
/DAV1 and RDY1 
(P33 and P34) 





Figure 5. Port 1 Configuration 
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PIN FUNCTIONS (Continued) 


Port 2 (P20-P27). Port 2 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
I/O lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for |/O operation. When used as an I/O port, Port 
2 may be placed under handshake control. In this configu- 


Z86C12 
ICE 


Open Drain 


OEN ee. O 


OUT 
TTL Level Shifter 


IN —< 
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ration, Port 3 lines P31 and P36 are used as the handshake 
control lines /DAV2 and RDY2. The handshake signal 
assignment for Port 3 lines, P31 and P36, is dictated by 
the direction (input or output) assigned to P27 
(Figure 6). 


Port 2 (I/O) 


Handshake Controls 
/DAV2 and RDY2 
(P31 and P36) 


PAD 


Figure 6. Port 2 Configuration 


: 286012 Z8® CMOS 
ON ejlLCis IN-CiRCUIT EMULATOR 
Port 3 (P30-P37). Port 3 is an 8-bit, CMOS compatible four output ports. Port 3, when used as serial I/O, is 


fixed input and four fixed output port. These eight I/O lines = programmed as serial in and serial out, respectively 
have four-fixed (P30-P33) input and four fixed (P34-P37) | (Figure 7 and Table 3). 


Z86C12 Port 3 


ICE (I/O or Control) 





Figure 7. Port 3 Configuration 


Port 3 is configured under software control to provide the = (IRQO-IRQ3); timer input and output signals (T,, and T,,,,); 
following control functions: handshake for Ports 0 and 2 Data Memory Select (/DM). 
(/DAV and RDY); four external interrupt request signals 


Table 3. Port 3 Pin Assignments 


Pin V/O CTC1 Int. PO HS P1HS P2 HS UART Ext 
P30 IN IRQ3 Serial In 
P31 IN Ty IRQ2 D/R 
P32 IN IRQO D/R 
P33 IN IRQ1 D/R 
P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT sie R/D 
P37 OUT Serial Out 
Notes: 


HS = Handshake Signals 
D = Data Available 
R = Ready 
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PIN FUNCTIONS (Continued) 


Port 3 lines P30 and P37, can be programmed as serial 


I/O lines for full-duplex serial asynchronous receiver/trans- _ 


mitter operation. The bit rate is controlled by Counter/ 
TimerO. 


The Z86C 12 automatically adds a start bitand two stop bits 


to transmitted data (Figure 8). Odd parity is also available 
as an option. Eight data bits are always transmitted, 


Transmitted Data (No Parity) 


[sp] sp] 07 |] 06 | 0s | D4] 03 | p2 ] 01 | bo | st 
| Ee Start Bit 
Eight Data Bits 


Two Stop Bits 


Transmitted Data (With Parity) 


sp] sp] p | 08] 05] D4} 03] p21 | bo] st 
| L Start Bit 


Odd Parity 
Two Stop Bits 





Seven Data Bits 


Z86C12 Z8®CMOS 
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regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 


Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 


Received Data (No Parity) 


8°} 07 [ps] 0s} 04/03] p2] p1 oo] st 


Start Bit 
Eight Data Bits 
One Stop Bit 


Received Data (With Parity) 


[sp] P Jos [os] 04] 58} 02{ D1} oo] st 


| L Start Bit 
Seven Data Bits 
Parity Error Flag 


One Stop Bit 


Figure 8. Serial Data Formats 
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PROGRAMMING 
Address Space 


Program Memory. The Z86C12 can address up to 64 
Kbytes of external program memory (Figure 9). The first 12 
bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. The five SIZEn 
inputs dictate the amount of ROM being emulated, and for 
an 8K ROM the input is ‘01011’. Respectively, OOOC to 
8191 is the memory map for the emulated ROM, and 8192 
to 65535 is the remaining program memory for which the 
Z86C12 executes external memory fetches. 


Gone: External 


ROM or RAM 


Emulation 
ROM or RAM 


Location of 
First Byte of 
Instruction 
Executed 
After RESET 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 





Figure 9. Program Memory Configuration 


Data Memory (/DM). External data memory Is included 
with, or separated from, the external program memory 
space. /DM, an optional I/O function that can be pro- 
grammed to appear on P34, is used to distinguish between 
data and program memory space (Figure 10). The state of 
the /DM signal is controlled by the type instruction being 
executed. An LDC opcode references PROGRAM (/DM 
inactive) memory, and an LDE instruction references DATA 
(/DM active Low) memory. The lower unaddressable part 
of the data memory is in fact addressable with the Z86C 12 
/MDS line (as /DS is not active for internal ROM reads), but 
there should be no need for this. 


65535 


External 
Data 
Memory 


Size 


Not Addressable 





Figure 10. Data Memory Configuration 
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PROGRAMMING (Continued) 


Register File. The Register File consists of four !/O port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 11). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C 12 also allows short 4-bit register 


LOCATION 





255 
254 
253 
252 
251 
250 
249 
248 
247 
246 
245 
244 
243 
242 
241 


240 


239 


Not 
Implemented 


General-Purpose 
Registers 


Stack Pointer (Bits 7-0) 


addressing using the Register Pointer (Figure 12). In the 
4-bit mode, the Register File is divided into 16 working 
register groups, each occupying 16 continuous locations. | 
The Register Pointer addresses the starting location of the 
active working-register group. 


IDENTIFIERS 





SPL 
SPH 
RP 
FLAGS 
IMR 
IRQ 
IPR 


PO1M 











P3M 
P2M 
PREO 
TO 
PRE1 
T1 
TMR 
slo 


P3 
P2 
P1 


PO 


Figure 11. Register File 
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00 


r7 r6 1r5 14 r3 r2 ri r0 R253 





(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


FF 
—— R15 to RO 
FO 


The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 


R15 to RO 


R15 to R4 


I/O Ports R3 to RO 


Figure 12. Register Pointer 


Stack. The Z86C12 has a 16-bit Stack Pointer (R254- 
R255) used for an external stack that resides anywhere in 
the data memory for the ROMless mode, but only from 
SIZEn to 65535 in ROM mode. An 8-bit Stack Pointer 


(R255) is used for the internal stack that resides within the 
236 general-purpose registers (R4-R239). The high byte of 
the Stack Pointer (SPH-Bit 8-15) can be use as a general 
purpose register when using internal stack only. 
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FUNCTIONAL DESCRIPTION 


Counter/Timers. There are two 8-bit programmable 


counter/timers (TO-T1), each driven by its own 6-bit pro- | 


grammable prescaler. The T1 prescaler is driven by inter- 
nal or external clock sources; the TO prescaler is driven by 
the internal clock only (Figure 13). 


The 6-bit prescalers divide the input frequency of the clock 
source by any integer number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When both the 
counters and prescalers reach the end of the count, 
a timer interrupt request, IRQ4 (TO) or IRQ5 (T1), is 
generated. 


The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 


Write 










6-Bit 


Internal 
Clock 


External Clock 










Clock 
Logic 6-Bit 
\ Counter 
Internal Clock 
Gated Clock PRE1 
Triggered Clock Initial Value 
Register 
TIN P31 


Write 









PREO 
Initial Value 
Register 






Down 
Counter 
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also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counter, but not the prescalers, is read at any time 
without disturbing its value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an ex- 
ternal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that is retriggerable or non- 
retriggerable, or as a gate input for the internal clock. Port 
3, line P36, also serves as a timer output (T,,,,) through 
which TO, T1 or the internal clock is output. The counter/ 
timers can be cascaded by connecting the TO output to the 
input of T1. 


Internal Data Bus 











TO 
Initial Value 
Register 


TO 
Current Value 
Register 


8-bit 
















Down 

Counter IRQ4 
Down 

Counter 






T1 
Initial Value 
Register 


T1 
Current Value 
Register 


Internal Data Bus 


Figure 13. Counter/Timers Block Diagram 
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Interrupts. The Z86C 12 has six different interrupts from 
eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follows: four 
sources are Claimed by Port 3 lines P33-P30, one in serial 
out, one in serial in, and two in the counter/timers (Figure 
14). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register. All Z86C 12 interrupts are vec- 
tored through locations in the program memory. When an 
interrupt machine cycle is activated, an interrupt request is 
granted. Thus, this disabies ail of the subsequent inter- 
rupts, save the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit address of the interrupt service 
routine for that particular interrupt request. 





Global 
Interrupt 
Enable 


Interrupt 
Request 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests need 
service. Software initialed interrupts are supported by 
setting the appropriate bit in the Interrupt Request Reg- 
ister (IRQ). 


Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request is valid 5TpC before the falling edge of the last 
clock cycle of the currently executing instruction. 


For the ROMiess mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the Flag register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point. This corresponds to the 63rd ToC 
cycle following the external interrupt sample point. 


IRQO - IRQ5 


Vector Select 


Figure 14. Interrupt Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Clock. The Z86C12 on-chip oscillator has a high-gain, | 


parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 1 MHz to 16 MHz max, and series resistance (RS) is 





less than or equal to 100 Ohms. The crystal should be 
connected across XTAL1 and XTAL2 using the recom- 
mended capacitors (10 pF < CL < 100 pF) from each pin 
to ground (Figure 15). 


XTAL1 XTAL1 XTAL1 
C1 
XTAL2 XTAL2 XTAL2 
C2 
Ceramic Resonator Lc Clock External Clock 


or Crystal 


Figure 15. Oscillator Configuration 


HALT. This turns off the internal CPU clock but not the 
XTAL oscillation. The counter/timers and the external inter- 
rupts IRQO, IRQ1, IRQ2 and IRQ3 remain active. The 
devices are recovered by interrupts, either externally or 
internally generated. An interrupt request must be ex- 
ecuted (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur- 
rent to 10 WA or less (typical). The STOP Mode is termi- 
nated by areset, which causes the processor to restart the 
application program at address OOOC (Hex). 
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To enter STOP (or HALT) mode, it is necessary to first flush 
the instruction pipeline to avoid suspending execution in 
mid-instruction. To do this, the user must execute a NOP 
(opcode = OFFH) immediately before the appropriate 
sleep instruction. i.e.: 


FF NOP _ ; clear the pipeline 

6F STOP ; enter STOP mode 
or 

FF NOP _ ; clear the pipeline 

7F HALT ; enter HALT mode 


. Z86C12 Z8® CMOS 
A cILGb IN-CiRCUIT EMULATOR 


Instruction Cycle Timing 





Figures 16 and 17 show instruction cycle timing for instructions fetched from external memory. 


M1 M2 M3 
pT Ti | 2 | 73 | m1 | 72 | 73 | 71 | 2 | 13 | 


Clock LALLA LLL LLL] 


PO A15-A8 A15-A8 
P4 
A15-A8 D7-DO iN A7-AO D7-DO IN 


/AS \ / \ / \ / 
/DS 7 \ / \ / 
R/W 7 


ISYNC \ / \ / 
le—Fetch Instruction» Fetch 1st Byte of Next Instruction» 


Figure 16. Instruction Cycle Timing (One-Byte Instructions) 


M1 or M3 


M1 M2 
Pht eee se we eee 
Clock LULL LLL 


PO A15-A8 A15-A8 A15-A8 


Pt 
A15-A8 D7-D0 A7-A0 D7-D0 A7-A0 D7-DO 


R/WW For 2-Byte Instr. Only 


ISYNC \ / ae 2 
tn of 


Fetch 1st Instruction Fetch 2nd Byte Fetch 3rd Byte 
(3-Byte Instruction) 
Fetch 1st Byte 
(1 or 2 Byte Instruction) 





Figure 17. Instruction Cycle Timing (Two- and Three-Byte Instructions) 
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(SY ZILA 
FUNCTIONAL DESCRIPTION (Continued) 


The addresses, Address Strobe (/AS) and Read Write 
(R//W) are output at the beginning of each machine cycle 
(Mn). The addresses output through Port O (if used) remain 
stable throughout the machine cycle. Addresses output 
through Port 1 remain valid only during MnT1. The aa- 
dresses are guaranteed valid at the rising edge of /AS, 
which is used to latch the Port 1 output. Port 1 is placed in 
an input mode at the end of MnT1. The Data Strobe is 
output during MnT2 allowing data to be placed on the Port 
1 bus. The Z8 accepts the data during MnT3 and /DS is 
terminated. 


Instruction synchronization pulse /SYNC is output one 
clock pulse period prior to the beginning of an opcode 
_ fetch machine cycle (M1). This output is directly available 
on the 64-pin versions of our Z8® Family; whereas, on the 
40-pin versions, the Data Strobe pin outputs /SYNC only if 
external memory is not used. 


Note that all instruction fetch cycles have the same ma- 
chine timing regardless of whether the memory is internal 
or not. If configured for external memory, and internal 


786C12 Z8°CMOS 
IN-CIRCUIT EMULATOR 


memory is referenced, the addresses are still output through 
Ports O and 1; /DS and R//W are inactive. If configured for 
internal memory only, Ports O and 1 are used for I/O, /DS 
outputs, /SYNC; R//W is inactive. 


The exception to the instruction fetch timing is during the 
opcode fetch of an instruction following the fetch of a one- 
byte instruction. One-byte instructions require two machine 
cycles to execute. The pipelining causes the following 
opcode fetch to begin one machine cycle early. 


External Memory or I/O Timing 


When external memory is addressed, Ports 0 and 1 are 
configured to output the required number of address bits. 
Port 1 is used as a multiplexed address/data bus for AD7- 
ADO and Port 0 outputs address bits A15-A8. The timing 
relationships for addressing external memory and I/O are 
illustrated in Figures 18, 19, 20 and 21. The main difference 
between these figures is that Figures 20 and 21 contain an 
added timing cycle (Tx) that extends external memory 
timing to allow for slower memory. 


Machine Cycle 
aaa (ee a 


clock ~“_ PLP LE LFLS LI LILI LI 
PO , AI5-A8 


Pt A7-A0 


D7-DO0 IN 


IAS \ / \ 
/DS \ / 
R//W ] 


¢————-Read Cyclk-———_| 


Figure 18. External Instruction Fetch, I/O or Memory Read Cycle 
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“A cCILCB IN-CiIRCUIT EMULATOR 
Machine Cycle 
ee ee ee 


Clock | | | | | | | | | | | | | 
PO 
P1 A7-A0O D7-DO OUT 


2! Ae 

aa ae 
R/W \ 

> Gea i 
«rite Cycle-———— 


Figure 19. External I/O or Memory Write Cycle 


Machine Cycle 


Po 

Pt 
D7-DO IN 

ms \_ fF 

/DS a ey 

R/W a 4 


aes <1. Cyéle—$— | 


Figure 20. Extended External Instruction Fetch, I/O or Memory Read Cycle 
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Z86C12 Z8® CMOS 
IN-CIRCUIT EMULATOR 
FUNCTIONAL DESCRIPTION (Continued) 
Machine Cycle 


Clock | | | | | | | | r] 1 [ 
PO A15-A0 
P1 A7-AO D7-DO OUT 


/AS 


/DS 


/DM 


Naf NS 

SS ee erFSC~*” 
R/W \ 

> (Ai aes Ai 


«write co——<—<$=$__—4 


Figure 21. Extended External I/O or Memory Write Cycle 


Address bits A15-A0O are valid on Ports 0 and 1 at the 
trailing edge of /AS for both the read and write memory 
cycles. Because Port 0 is not multiplexed, address bits 
A15-A8, if used, are present all through the read/write 
memory cycle. 


During the read cycle, the input data must be valid on Port 
1 at the trailing edge of the Data Strobe output (/DS). The 
Data Memory Select output (/DM) is used to select external 
data memory or external program memory. If selected, 
/DM is active during the execution of certain instructions. 
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During the write cycle, the address outputs follow the same 
timing relationships as for the read cycle. However, the 
output data is valid for the entire period /DS is active, and 
R//W is active (Low) during the entire write cycle. 


Interrupt requests are sampled before each instruction 
fetch cycle (Figure 22). First, external interrupt requests 
are sampled four clock periods prior to the active /AS pulse 
that corresponds to an instruction fetch cycle. Then, inter- 
nal interrupt requests are samples one clock period pre- 
ceding /AS. 







M6 


MN M1 M2 M3 M4 M7 M1 

TM2 

Clock LLL LLL] LLL 
a ais A15-A0 A15-A0 









Pt CETROX_B7-B0 OUT KATAQK __b7-DOOUT__ XAFAGX_b7-b0 OUT KAT-AQ 
D7-D0 IN PCL PCU FLAGS 
IAS \SF....  \A NA... NL NZ 





/DS 





RT eS 


Requests Sampled 
Next 
os Fetch 1st Byte Internal Save PCL Save PC Save Flags tsa 
Sy S3— (pata Ignored) Execution On Stack by On Stack  oasce eee 


External Interrupt 
Inputs Sampled 


ISYNC ON $e eS — ee —— 
(Z8/64) 
NACK ee ge ee ne ooo 
(28/64) 
Interrupt Response Time = 48 Clock Periods ___—_—_———_>| 





Figure 22. Interrupt Cycle Timing 
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A ZILA 
FUNCTIONAL DESCRIPTION (Continued) 


If an interrupt request Is set, the Z8 soends seven machine 
cycles (44 clock periods) resolving interrupt priorities, 
selecting the proper interrupt vector, and saving the pro- 
-gram counter and flags on the stack. Although Figure 13 
illustrates the timing for an external stack, the same timing 
is used for an internal stack. The total interrupt response 
time (including the external interrupt sample time) for an 
external interrupt is 48 clock periods. The first instruction 
of the interrupt service routine is fetched at this time. When 
an interrupt request is detected in our 64-pin Z8® Family 
versions, /IACK is activated (Low) and remains active until 
the first instruction of the interrupt service routine is fetched. 


Clock 
SCLK 
/RESET 
/AS 


/DS Hee 
a, 


R//W 


Z86C12 Z8® CMOS 
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Reset Timing 


The internal logic is initialized during reset if the Reset input 
is held Low for at least 18 clock periods (Figure 23). During 
the time /RESET is Low, /AS is output at the internal clock 
rate, /DS is forced Low, R//W is inactive and Ports 0, 1 and 
2 are placed in an input mode. /AS and /DS both Low is 
normally a mutually exclusive condition; therefore, the 
coincidence of /AS Low and /DS Low can be used as a 
reset condition for other devices. Zilog Z-Bus® peripherals 
take advantage of this reset condition. 


First Machine 
Cycle 


Hold Low for 18 Clock Periods (Minimum) 
] 


<-First Instruction 
Fetch 


Figure 23. Reset Cycle Timing 


Alternative Control Signal Uses 


In addition to their uses in memory transfers, the control 
signals /AS, /DS and R//W can be used in the following 
interface applications: 


/AS can be modified to provide the /RAS (Row Address 
Strobe) signal for dynamic memory interface. /RAS can be 
derived from the trailing edge of /DS to the trailing edge 
of /AS. 
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/DS has several alternative uses: as a /CAS (Column 
Address Strobe) for dynamic memory interface; as a Chip 
Enable for memory and other interface devices; as an 
Enable input for tri-state bus drivers/receivers for memory 
and interface devices. 


R//W can be used as a Write input to memory interfaces, 
and as an Early Status output to switch the direction of 
tri-state bus drivers/receivers. 


A ZiLAS 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Description Min Max Units 
Vite Supply Voltage” -0.3 +7.0 V 
Tex Storage Temp -65 +150 °C 

qT, Oper Ambient Temp** C 

Notes: 


* Voltages on all pins with respect to GND. 
** See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 24), 


Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 


+5V 


2.1 KQ 


From Output 
Under Test 


150 pF 
9.1 KQ 


Figure 24. Test Load Diagram 
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DC CHARACTERISTICS 


sym 


= oO 92 
= 


PY 2 |e se = 


Oo 
oO 


iP) 
oO 
—_— 


CC2 


Notes: 


loca Fequires loading TMR (%F 1H) with any value prior to STOP execution. 


Parameter 


Max Input Voltage 
Clock Input High Voltage 
Clock Input Low Voltage 
Input High Voltage 


Input Low Voltage 
Output High Voltage 
Output Low Voltage 
Reset Input High Voltage 


Reset Input Low Voltage 
Input Leakage 

Output Leakage 

Reset Input Current 


Supply Current 
Standby Current 


Standby Current 


Use this sequence: 
LD TMR,#00 


NOP 
STOP 
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T, = 0°C to 70°C 


Min 


3.8 
—0.3 
2.0 


—0.3 
2.4 


3.8 
0.3 
—] 
=| 


Max 


7 
Veg 
0.8 
Voc 


0.8 


0.4 


T, =—40°C to 105°C = Typical 


3.8 
0.3 
2.0 


-0.3 
2.4 


3.8 


-0.03 
—10 
-10 


Max 


7 
Veg 
0.8 
Veg 
0.8 


0.4 
Voc 


0.8 
10 
10 
-50 


90 
60 
15 
20 
10 
10 


@ 25°C 


25 
35 


10 


Units 


B333232/ SSE <| <<<<| <<<< 


= 


786C12 28° CMOS 
IN-CIRCUIT EMULATOR 


Conditions 


|y 200 PA 
Driven by External Clock Generator 
Driven by External Clock Generator 


lay = 7200 BA 
la =+2.0 mA 


OV V,. +5.25V 
OV V,. +5.25V 
Veo= +5.25V, Ve, = OV 


@ 12 MHz 
@ 16 MHz 
HALT Mode V,, = OV, V,.@ 12 MHz 
HALT Mode V,, = OV, V,.@ 16 MHz 
STOP Mode V,, = OV, V,.@ 12 MHz 
STOP Mode V,, = OV, V,,@ 16 MHz 


; 786C12 Z8°CMOS 
A ejLCis IN-CIRCUIT EMULATOR 
AC CHARACTERISTICS 

External I/O or Memory Read or Write Timing Diagram 











R/W j p 
ee 
Port 0, /DM f— | ® 
== ® 
Seep 
Port 1 ; A7-AO Fh A D7-DO IN| 
Las 
Ms a AP 1 
ds lcoaitinencal gg i 
(10) 
one 


Portt A7 - AO 1 D7-DO OUT 


(14) 
7) 


(Write) 


4 


iL 


Figure 25. External I/O or Memory Read or Write Timing 
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A ZiLAS 


AC CHARACTERISTICS 
External I/O or Memory Read and Write Timing Table 


T, = 0°C to 70°C T, =~40°C to 105°C 


12 MHz 16 MHz 12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max Min Max Min Max _ Units Notes 
] TdA(AS) Address Valid to /AS Rise Delay 30 20 35 20 ns [2,3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 30 45 35 ns [2,3] 
3 TdAS(DR) /AS Rise to Read Data Req'd Valid 220 180 250 180 ns [12,3] 
4 TwAS /AS Low Width 59 39 55 40 ns [2,3] 
9 TdAZ(DS) Address Float to /DS Fall 0 0 0 0 ns 
6 TwDSR /DS (Read) Low Width 185 130 185 135 ns [1,2,3] 
7 TwDSW /DS (Write) Low Width 110 80 110 80 ns [1,2,3] 
8 TdDSR(DR) /DS Fall to Read Data Req'd Valid 130 19 130 15 ns (1,2,3] 
9 ThDR(DS) Read Data to /DS Rise Hold Time 0 0 0 0 ns [2,3] 
10 = ‘TdDS(A) /DS Rise to Address Active Delay 45 35 65 50 ns [2,3] 
11 TdDS(AS) /DS Rise to /AS Fall Delay 99 30 45 39 ns [2,3] 
12 ~~ TdR/W(AS) R//W Valid to /AS Rise Delay 30 20 33 20 ns [2,3] 
13 TdDS(R/W) /DS Rise to R//W Not Valid 3D 30 50 39 ns [2,3] 
14. ~=TdDW(DSW) Write Data Valid to /DS Fall (Write) Delay 35 25 35 20 ns [2,3] 
15 TdDS(DW) /DS Rise to Write Data Not Valid Delay 35 30 a0 35 ns [2,3] 
16 ~~ TdA(DR) Address Valid to Read Data Req'd Valid 209 200 310 230 ns [1,2,3] 
17. ~~: TdAS(DS) /AS Rise to /DS Fall Delay 90 40 65 45 ns [2,3] 
18  TdDI(DS) Data Input Setup to /DS Rise 75 60 75 60 ns [1,2,3] 
19 TdDM(AS) /DM Valid to /AS Fall Delay 50 30 50 30 ns [2,3] 
Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. Clock Dependent Formulas 
[3] See clock cycle dependent characteristics table. : 
ete aardirscii Gad Number Symbol Equation 
All timing references use 2.0V for a logic 1 and 0.8V for a logic 0. { TdA(AS) 0.40TpC + 0.32 

2 TdAS(A) 0.59TpC — 3.25 

3 TdAS(DR) 2.83TpC + 6.14 

4 TWAS 0.66TpC — 1.65 

6 TwDSR 2.33TpC — 10.56 

7 TwDSW 1.27TpC + 1.67 

8 TdDSR(DR) 1.97TpC - 42.5 

10 TdDS(A) 0.8TpC 

11 TdDS(AS) 0.59TpC - 3.14 

12 TdR/W(AS) 0.4TpC 

13 TdDS(R/W) O.8TpC - 15 

14 TdDW(DSW) 0.4TpC 

15 TdDS(DW) 0.88TpC - 19 

16 TdA(DR) 4TpC — 20 

17 TdAS(DS) 0.91TpC — 10.7 

18 TsDI(DS) O0.8TpC — 10 

19 TdDM(AS) O0.9TpC - 26.3 
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‘ Z86C12 Z8® CMOS 
A Pad | IN-CIRCUIT EMULATOR 
AC CHARACTERISTICS 
Additional Timing Diagram 








Clock 
TIN 
IRQN 
ld eed 
Figure 26. Additional Timing 
AC CHARACTERISTICS 


Additional Timing Table 





T, = 9°C to 70°C T, = ~40°C to 105°C 

12 MHz 16 MHz 12 MHz 16 MHz 
No Symbol Parameter Min) Max Min Max Min Max Min Max _ Units Notes 
] TpC Input Clock Period 83 1000 625 1000 83 1000 625 1000 ns [1] 
2 Tr, TC Clock Input Rise & Fall Times 15 10 1 10 ns [1] 
3 TwC Input Clock Width of 21 of 21 ns [1] 
4 TwTinL Timer Input Low Width 70 50 70 50 ns [2] 
5 TwTin Timer Input High Width 3TpC 3TpC 3TpC 3TpC [2] 
6 TpTin Timer Input Period 8TpC 8T pC 8TpC 8TpC [2] 
/ TrTin, TfTin Timer Input Rise & Fall Times 100 100 100 100 ns [2] 
8A ss TwiL Interrupt Request Input Low Times 70 50 70 50 ns [2,4] 
8B. Ss TwiL Interrupt Request Input Low Times 3TpC 3TpC 3TpC 3TpC [2,5] 
9 TwlH Interrupt Request Input High Times 3TpC 3TpC 3TpC 3TpC [2,3] 
Notes: 


[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

[3] Interrupt references request through Port 3. 

[4] Interrupt request through Port 3 (P31-P33). 

[5] Interrupt request through Port 30. 
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A ZILAS 


AC CHARACTERISTICS 
Handshake Timing Diagram 









Data In { —Datainvaio = Next Data In Valid 
(2) 
/DAV 
(Input) 
2 
RDY 
(Output) 
Figure 27. Input Handshake Timing 
Data Out ( Data Out Valid Next Data Out Valid 
@) 
/DAV 
(Output) 
(8) 
(19) 
RDY Lg Delayed RDY 
(Input) Re {- stilicaed 
Figure 28. Output Handshake Timing 
AC CHARACTERISTICS 
Handshake Timing Table 
T, = 0°C to 70°C T, = 40°C to 105°C 
12 MHz 16 MHz 12 MHz 16 MHz Data 
No Symbol Parameter Min) Max Min Max Min Max Min Max Direction 
] TsDI(DAV) Data In Setup Time 0 0 0 0 IN 
2 ThDI(DAV) Data In Hold Time 145 145 145 145 IN 
3 TwDAV Data Available Width 110 110 110 110 IN 
4 TdDAVI(RDY) DAV Fall to RDY Fall Delay 115 1S 115 115 IN 
5 TdDAVId(RDY) DAV Rise to RDY Rise Delay VS 115 115 115 IN 
6 TdRDYO(DAV) RDY Rise to DAV Fall Delay 0 0 0 0 IN 
7 TdDO(DAV) Data Out to DAV Fall Delay TpC TpC TpC TpC OUT 
8 TdDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 0 0 OUT 
9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 1S a 115 OUT 
10  TwRDY RDY Width 110 110 110 110 OUT 
11 TdRDYOd(DAV) RDY Rise to DAV Fall Delay 115 115 EIS 115 OUT 
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Z8 CONTROL REGISTER DIAGRAMS 


R240 


Lolo] o[ [eo 


| 


Serial Data (DO = LSB) 


Figure 29. Serial I/O Register 
(FOH: Read/Write) 


R241 TMR 


expe] ee] or] 


= No Function 
Load TO 
Disable TO Count 
Enable TO Count 
No Function 
Load T1 
0 Disable T1 Count 
1 Enable T1 Count 
TIN Modes 
0O External Clock Input 
01 Gate Input 
10 Trigger Input 
(Non-retriggerable) 
11 Trigger Input 
(Retriggerable) 


TOUT Modes 

00 Not Used 

01 TO Out 

10 T1 Out 

11. Internal Clock Out 


-O =O 


=-—O 


Figure 30. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


eros] or] oof] 


| 


Tz Initial Value 
(When Written) 
(Range: 1-256 Decimal 

01-00 HEX) 

Ty Current Value 
(When Read) 


Figure 31. Counter/Timer 1 Register 
(F2H: Read/Write) 


R243 PRE1 


oreo] es] os] ex] ce] ox] oo 
fees Count Mode 


0 Ti Single Pass 
1 T1Modulo N 


Clock Source 
1 TiInternal 
0 T1External Timing Input 
(TIN) Mode 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 32. Prescaler 1 Register 
(F3H: Write Only) 


R244 TO 


er Pos] os] oa] | [oo 


(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 


Figure 33. Counter/Timer 0 Register 
(F4H: Read/Write) 


R245 PREO 


er P=] o5] ox] oo] oe] or] 00 
—_ Count Mode 


0 TO Single Pass 
1 TO Modulo-n 


Reserved (Must be 0.) 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 34. Prescaler 0 Register 
(F5H: Write Only) 


5-29 





A ZILA 


286012 Z8® CMOS 
IN-CiRCUIT EMULATOR 





Z8 CONTROL REGISTER DIAGRAMS (Continued) 


R246 P2M 


[07] 66] os] 04] os] ce] 01] bo 
cia: Coa teen P20 - P27 I/O Definition 


0 Defines Bit as Output 
1 Defines Bit as Input 


Figure 35. Port 2 Mode Register 
(F6H: Write Only) 


R247 P3M 


7 [be] ps ]04 [v2] 02] 01] 00 


- 


[ir 


0 Port 2 Open-Drain 
1 Port 2 Push-Pull 


Reserved (Must be 0.) 


0 P32 = Input 
P35 = Output 

1 P32 =/DAVO/RDYO 
P35 = RDYO//DAVO 


00 P33 = Input 
P34 = Output 

01 | P33 = Input 

10 | P34=/DM 

11 Reserved 


0 P31 = Input (TIN) 
P36 = Output (TOUT) 

1 P31 =/DAV2/RDY2 
P36 = RDY2//DAV2 


0 P30 = Input 
P37 = Output 

1 P30 = Serial In 
P37 = Serial Out 


Parity Off 
Parity On 


=-© 


Figure 36. Port 3 Mode Register 
(F7H: Write Only) 


R248 POiM 


07 [os] 05] 04] 08] b2 1 [oo] 


POO - PO3 Mode 
00 Output 
01 Input 
1X A11-A8 


Stack Selection 
O External 
1 Internal 


P10 - P17 Mode 
00 Byte Output 
01 Byte Input 
10 AD7- ADO 
11. High-lmpedance AD7 - ADO, 
/AS, /DS, /R/M, A11 - A8, 
A15 - A12, If Selected 


External Memory Timing 
0 Normal 
1 Extended 


P04 - PO7 Mode 
00 Output 


01 Input 
1X A15-A12 


Figure 37. Ports 0 and 1 Mode Register 
(F8H: Write Only) 


R249 IPR 


er Pop ooo] or 


Interrupt Group Priority 
000 Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111. Reserved 
IRQ1, IRQ4 Priority (Group C) 
0 IRQi > IRQ4 
1 IRQ4>IRQ1 
IRQO, IRQ2 Priority (Group B) 
0 IRQ2>IRQO 
1 IRQO >IRQ2 . 
IRQ3, IRQ5 Priority (Group A) 
0 IRQS > IRQ3 
1 IRQ3>IRQ5 


Reserved (Must be 0.) 


Figure 38. Interrupt Priority Register 
(F9H: Write Only) 


A 2iLAS 


286012 Z8°CMOS 
IN-CIRCUIT EMULATOR 





R250 IRQ 
qo] oo 


IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input 
IRQ4 =TO 
IRQ5=T1 





Reserved (Must be 0.) 


Figure 39. Interrupt Request Register 
(FAH: Read/Write) 


R251 IMR 


er] es] os] oe] mofo] 


| 


1 Enables IRQ0-IRQ5 
(DO = IRQO) 


Reserved (Must be 0.) 


1 Enables Interrupts 


Figure 40. Interrupt Mask Register 
(FBH: Read/Write) 


R252 FLAGS 
eros ]os] >|] oe]oi]oo 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 


i 


Carry Flag 


Figure 41. Flag Register 
(FCH: Read/Write) 


R253 RP 
eros] os] oo] oo] oe] 


0 Reserved 
r4 


Ir 


Register Pointer 


Figure 42. Register Pointer Register 
(FDH: Read/Write) 


R254 SPH 
er] oo] oe]oofeef or] 


Byte (SP8 - SP15) 


Figure 43. Stack Pointer Register 
(FEH: Read/Write) 


R255 SPL 


eres] oo 


Byte (SPO - SP7) 


Figure 44. Stack Pointer Register 
(FFH: Read/Write) 
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A 2iLaS 


INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 


describe the addressing modes and instruction opera- 
tions as shown in the instruction summary. 


- Symbol 
IRR 


Ir 
X 
DA 
RA 
IM 
R 

r 
IR 


Ir 
RR 


Symbols. The following symbols are used in describing . 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 

Indirect working-register address only 
Register pair or working register pair 
address 


the instruction set. 


Symbol 
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Meaning 


Destination location or contents 
Source location or contents 
Condition code 

Indirect address prefix 

Stack Pointer 

Program Counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Z86C12 Z8® CMOS 
IN-CiRCUIT EMULATOR 


Flags. Control register (R252) contains the following six 


flags: 


Symbol 


ITCU<OANO 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-aqjust flag 
Half-carry flag 


Affected flags are indicated by: 


— 


Clear to zero 

Set to one 

set to clear according to operation 
Unaffected 

Undefined 


Z86C12 28° CMOS 


A SiLas IN-CiRCUIT EMULATOR 
CONDITION CODES 


Value Mnemonic Meaning Flags Set 

1000 Always True 

0111 C Carry CH4 

1111 NC No Carry C=0 

0110 Z. Zero Lo 

1110 NZ Not Zero Z=0 

1101 PL Plus 20 

0101 MI Minus oe 4 

0100 OV Overflow VS 

1100 NOV No Overflow V0 

0110 EQ Equal Vee 

1110 NE Not Equal Z=0 

1001 GE Greater Than or Equal (S XOR V) = 0 

0001 LT Less than (S XOR V) = 1 

1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 
1111 UGE Unsigned Greater Than or Equal CeO 

OA ULT Unsigned Less Than Ca" 

1011 UGT Unsigned Greater Than (C=O AND Z=0)=1 
0011 ULE Unsigned Less Than or Equal (COR Z) = 1 

0000 F Never True (Always False) 
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SILAS 
INSTRUCTION FORMATS 


|_ast_| oPc 


CCF, DI, El, RET, NOP, 
RCF, RET, SCF 


One-Byte Instructions 


OPC 


CLR, CPL, DA, DEC, 












786C12 28° CMOS 
IN-CIRCUIT EMULATOR 


ADC, ADD, AND, CP, 





oR Pop Buse, A fc Paroy ae] chee 
JP, CALL (Indirect) 
LD, OR, SBC, SUB, 
| ast or TCM, TM, XOR 
LD 
opc | MODE | ADC, ADD, AND, CP, OR 
OR, SBC, SUB, TCM, 
|_dst_| sro TM, XOR oR [1110] dst_| 
| MODE | OPC LD, LDE, LDEI, LD 
weve 
OR uP 
VALUE 
OPC | CALL 
OPC DJNZ, JR DAU 
DAL 
FFH STOP/HALT 
6FH | 7FH | 
Two-Byte Instructions Three-Byte Instructions 
INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol 
“¢ ”", For example: 


dst — dst + src 


indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 


5 


) 
BR 


dst (7) 


notation “addr (n)” is used to refer to bit (n) of a given 
operand location. For example: 


refers to bit 7 of the destination operand. 


A& 2iLAS 


INSTRUCTION SUMMARY 


Instruction 
and Operation 


ADC dst, src 
dste—dst + src +C 


ADD dst, src 
dstedst + src 


AND dst, src 
dstedst AND src 


CALL dst 
SP<-SP — 2 
@SP<PC, 
PC<dst 


CCF 
CeNOT C 


CLR ast 
dst0 


COM dst 
dste-NOT dst 


CP dst, src 
dst — src 


DA dst 
dst~DA dst 


DEC dst 
dstedst — 1 


DECW dst 
dstedst — 1 


DI 
IMR(7)<0 


DJNZr, dst 
rer—1 

ifr #0 
PC—PC + dst 
Range: +127, 
—128 


E| 
IMR(7)<1 


HALT 


Address Opcode 


Mode Byte 
dst src (Hex) 
t 1[ ] 
t Ol | 
t of | 
DA D6 
IRR D4 
EF 
R BO 
IR BI 
R 60 
IR 61 
T Al ] 
R 40 
IR 41 
R 00 
IR 01 
RR 80 
IR 81 
8F 
RA rA 
r=0-F 
OF 
7F 


Flags Affected 
C ZS VODH 


kk Kk KO * 


kok K KO * 


Instruction 
and Operation 


INC dst 
dstedst + 1 


INCW dst 
dstcdst + j 


IRET 
FLAGS<-@$P-: 
SP<—SP + 1 
PC<@SP- 
SP<—SP + 2: 
IMR(7)<-1 


JP cc, dst 
if cc Is true, 
PC<dst 


JR cc, dst 

if cc is true, 
PC<PC + dst 
Range: +127, 
—128 


LD dst, src 
dstesrc 


LDC dst, src 
dstesrc 


LDCI dst, src 
dstesrc 
[ef +1: 
treo + 1 


Address Opcode 


Mode Byte 

dst src (Hex) 

[ rE 
r=0-F 

R 20 

IR 21 

RR AO 

IR Al 
BF 

DA cD 
c=0-F 

IRR 30 

RA cB 
c=Q0-F 

r Im 

r = =6R 8 

R (9 
r=0-F 

r xX GP 

X D7 

rot E3 

lr Fa 

R R E4 

R IR E5 

R IM £6 

IR IM E7 

IR R F5 

flee G2 

ir oir °C3 


Z86C12 Z8® CMOS 
IN-CIRCUIT EMULATOR 


Flags Affected 
C ZS VODH 


- oF KK - - 
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A 2iLAG 


INSTRUCTION SUMMARY (Continued) 


Instruction 
and Operation 


NOP 


OR dst, src 
dstdst OR src 


POP dst 
dste-@SP- 
SP<SP +1 


PUSH src 
SP<—SP - 1: 
@SPesrc 


SBC dst, src 


dste—dstesrceC 


SCF 
C1 


SRA dst 
7] OF 
kz 


SRP dst 
RP<—src 


Address Opcode 


Mode 
dst src 


i 


Byte 
(Hex) 


FF 
Al 


50 
51 


70 
a 


CF 


AF 


90 
91 


10 
11 


EO 
EI 


CO 
C1 


3 | 


DF 


DO 
D1 


31 


Flags Affected 


C ZS VODH 


- * #0 - 


Instruction 
and Operation 


STOP 


SUB dst, src 
dstedst<—src 


SWAP dst 


ZC: a) 


TCM dst, src 
(NOT dst) 
AND src 


TM dst, src 
dst AND src 


XOR dst, src 
dstdst 
XOR src 


Address Opcode 


Mode 
dst src 


t 


Byte 
(Hex) 


6F 
al | 


FO 
Ft 


6L | 


7[ 


Bl | 


Z86C12 Z8® CMOS 


IN-CIRCUIT EMULATOR 


Flags Affected 
C ZS VODH 


1 
| 


- - - - - 


Ea ae ae | 


t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a ‘[ ]’ 
in this table, and its value is found in the following table to the left of the 


applicable addressing mode pair. 


For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 


Address Mode 


dst sre 
r r 
r Ir 
R R 
R IR 
R IM 
IR IM 


Lower 
Opcode Nibble 


[2] 
[3] 


Z86C12 Z8° CMOS 


A ejilLCi IN-CIRCUIT EMULATOR 
OPCODE MAP 





Lower Nibble (Hex) 
0 1 2 5 6 7 8 9 A Cc D F 































































65 6.5 10:5 10.5 10.5 10.5 12/10.5}) 12/10.0 Te 6.5 
0 DEC REC au6 ADD | ADD | ADD ADD ADD DJNZ JR INC 
R1 IR1 r1,r2 | ri, tr2 | R2,R17IR2,R17 R1,IMTIR1, IM] r1,R2 | r2,R1 1 1r1,RA] cc, RA : i Cc: moh ri 
6.5 6.5 10.5 10.5 10.5 10.5 
1 RLC aie ie ADC | ADC {| ADC ADC ADC 
R1 IR1 r1,r2 | rt, tr2 | R2,R171R2,R1] R1, IM] 1R1,1M 
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 
2 INC INC SUB SUB SUB SUB SUB SUB 
R1 IR1 r1,r2 | rt, lr2 | R2,R1]IR2,R1]R1,1M }1R1, 1M 
8.0 6.1 6.5 6.5 10:5 TOS 10.5 10.5 
3 JP SRP SBC SBC SBC | SBC | SBC | SBC 
IRR1 IM r1,r2 | ri, 'r2 | R2,R17IR2,R1>R1,'IM 7 IR1, 1M 
8.5 8.5 6.5 6.5 is . 10.5 10.5 10.5 
4 DA DA OR OR OR OR OR 
R1 IR1 r1,r2 | rt, Ir2 a5 y IR2,R1]R1,IM11R1, 1M 
10.5 10.5 65 6.5 10.5 10.5 10.5 10.5 
5 POP POP AND AND | AND | AND AND AND 
R1 IR1 r1,r2 | +1, ir2 | R2,R1}IR2,R1}) R1, 1M} 1R1, 1M 
6.5 6.5 6.5 6.5 10.5 105 10.5 10.5 6.0 
6 en COM | TCM TCM | TCM | TCM TCM TCM STOP 
IR1 r1,r2 | rt, lr2 | R2,R1{1R2,R1} R1, IM] 1R1, 1M 
TEx 12/14.1 6.5 10:5 aE tae 10.5 Fay) 
7 sa PUSH ™ T™ ™ HALT 
IR2 3 r1,1r2 | R2, R1 re a = ane IR1, 1M 
10.5 10.5 12.0 6.1 
8 DECW]| DECW} LDE LDEI DI 
RR1 IR1 rt, Irr2 | Ir, Irr2 
; 6.1 
9 LDE! El 
i a Ir2, Irrt 
10.5 10.5 6.5 10.5 10.5 10.5 10:5 14.0 
A INCW | INCW CP CP CP CP CP RET 
RR1 IR1 r1,r2 | ri, lr2 | R2,R171R2,R1] R1,!1M | IR1, 1M 
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 16.0 
B CLR CLR XOR XOR }; XOR | XOR XOR XOR IRET 
R14 IR1 r1,r2 | v4, tr2 | R2,R1]1R2,R1}R1,1IM]71R1, 1M 
6.5 6.5 12.0 18.0 i 5 6.5 
Cc RRC RRC LDC LDCI RCF 
R1 IR1 ri, Irr2 | Irt, Irr2 oie ‘X, a 
6.5 6.5 12.0 18.0 20.0 20.0 5 6.5 
s +O SRA SRA LDC LDCI | CALL* ng SCF 
x R41 IR1 r2, Irrd | lr2, Irrt | IRR1 35 a qo 
rs 6.5 6.5 6.5 10:5 10:5 105 10:5 6.5 
2 E RR RR LD LD LD LD LD CCF 
> R1 IR1 rt, IR2 | R2,R1}IR2,R1}R1,!IM }IR1, 1M 
oD es 5 6.0 
= F SwAr pets NOP 
= tL —__—_1__ 





Bytes per Instruction 







Lower Legend: 
Opcode R = 8-bit address 
Nibble a. r= 4-bit address 
Execution Pipeline R yor ro=Dst address 
Cycles Cycles R4or ro= Src address 
Gnnet Sequence: 
PP Opcode, First Operand, 
Opcode ———eA Mnemonic Second Operand 
Nibble 
Note: The blank areas are not defined. 
First Second * 2-byte instruction appears 
Operand Operand as a 3-byte instruction 
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786012 28° CMOS 


A) Silas IN-CIRCUIT EMULATOR 
PACKAGE INFORMATION 










k-—— 0.900 +/-.012 
{| TYP. 














AL PIN 100 TYP 
LD. MARK i 190 MAX | rere 
‘| OOOOOQOOOOO0+—- 
Bi ©OOODDOOOCO® 
Ci QOOOOODOOOO® 
O15 yra 7 
820 MAX —F «84 PLCS) : 0.900 +/-.012 | 
G 
H| ©OOOOClOOO©C® 
950, DIA, 51 @©OO® ©@@ OOO® 
K 
x 
2 es aya iar 


84-Pin PGA Package Diagram 
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Z86C12 28° CMOS 


An) 2jlLCr IN-CIRCUIT EMULATOR 
ORDERING INFORMATION 





Z86C12 


16 MHz 
84-Pin PGA 
Z86C1216GSE 


For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 


Package 
G = Pin Grid Array 


Temperature 
S = 0°C to +70°C 


Speed 
16 - 16 MHz 


Environmental 
E = Hermetic Standard 


Example: 
Z 86C12 144 GSE is an Z86C12, 16 MHz, PGA, O0°C to +70°C, Hermetic Standard 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 


Fe 
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Introduction 


Z86C07 Z8® CMOS 
8-Bit Microcontroller 


Z86C08 Z8° CMOS 
8-Bit Microcontroller 


Z86E08 Z8° CMOS 8-Bit 
OTP Microcontroller 


Z86C11 Z8® CMOS 
Microcontroller 


286012 Z8° CMOS 
In-Circuit Emulator MCU 


286621 Z8° CMOS 
8K ROM Microcontroller 
































A SILAS 


FEATURES 


8-Bit CMOS Microconirolier 


m 40-Pin DIP, 44-Pin PLCC or 44-Pin QFP Package 

m 4.5V to 5.5V Operating Range 

m Low Power Consumption - 220 mW (max) @ 16 MHz 
m Fast instruction pointer - 1.0 us @ 12 MHz 

m Two Standby Modes - STOP and HALT 

mM 32 Input/Output Lines 

m = Full-Duplex UART 

m@ All Digital Inputs are TTL Levels 


m Auto Latches 


GENERAL DESCRIPTION 


The Z86C21 microcontroller introduces a new level of 
sophistication to single-chip architecture. The Z86C21 isa 
member of the Z8 single-chip microcontroller family with 
8 Kbytes of ROM and 236 bytes of RAM. 


The MCU is packaged in a 40-pin DIP, 44-pin Plastic 
Leaded Chip Carrier, or a 44-pin Quad Flat Pack and is 
manufactured in CMOS technology. The ROMless pin 
option is available on the 44-pin versions only. Having the 
ROM/ROMless selectively, the MCU offers both external 
memory and preprogrammed ROM which enables this Z8 
microcontroller to be used in high-volume applications or 
where code flexibility is required. 


Zilog’s CMOS microcontroller offers fast execution, efficient 
use of memory, sophisticated interrupts, input/output bit 
manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 


PRODUCT SPECIFICATION 


286621 


8K ROM Z8® CMOS 
MICROCONTROLLER 


m™@ RAM and ROM Protect 
m 8 Kbytes of ROM 


m 256 Byte Register File 
- 236 Bytes of General-Purpose RAM 
- 16 Bytes Control/Status Registers 
- 4 Bytes for Ports 


m™ Two Programmable 8-Bit Counter/Timers each with 
6-Bit Programmable Prescaler. 


m = Six Vectored, Priority Interrupts from Eight Different 
Sources 


m Clock Speeds 12 and 16 MHz 


m On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive. 


The Z86C21 architecture is characterized by Zilog’s 8-bit 
microcontroller core. The device offers a flexible I/O 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, I/O, anda 
number of ancillary features that are useful in many indus- 
trial and advanced scientific applications. 


For applications which demand powerful I/O capabilities, 
the Z86C21 offers 32 pins dedicated to input and output. 
These lines are grouped into four ports. Each port consists 
of eight lines, and is configurable under software control to 
provide timing, status signals, serial or parallel 
/O with or without handshake, and an address/data bus _ 
for interfacing external memory. 


There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 general-purpose registers. 
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A ZiLAS 


Z86C21 
Z8® MCU 





GENERAL DESCRIPTION (Continued) 


To unburden the program from coping with the real-time Notes: 
problems such as counting/timing and serialdatacommu- _All Signals with a preceding front slash, '/", are active Low, e.g., 
nication, the Z86C21 offers two on-chip counter/timers | B/W (WORD is active Low); /B/W (BYTE is active Low, only). 


with a large number of user selectable modes, and a 
Asynchronous Receiver/Transmitter (UART-Figure 1). 
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Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Voc Vop 
Ground GND Vos 
Output Input Vcc GND XTAL /AS /DS R//W /RESET 


UART 


Counter/ 


_ 


Machine Timing and 






Instruction Control 


Prg. Memory 

8192 x 8-Bit 

Program 
7 Counter 


. 0 Address or I/O Address/Data or I/O 
(Bit Programmable) (Nibble Programmable) (Byte Programmable) 













FLAGS 
Register 
Pointer 


Register File 
256 x 8-Bit 


Timers 


(2) 


Interrupt 
Control 








Figure 1. Functional Block Diagram 


| 736021 
A Silas 78° NCU 


PIN DESCRIPTION 





VCC 1 P36 
XTAL2 2 P31 
XTAL1 3 P27 

P37 4 P26 
P30 5 P25 
/RESET 6 P24 
R//W 7 P23 
/DS 8 P22 
/AS 9 P21 
P35 10 sath oak 3 P20 
GND P33 
P32 P34 
POO P17 
PO1 P16 
P02 P15 
P03 P14 
P04 P13 
P05 P12 
PO6 P11 
P0Q7 P10 





Figure 2. 40-Pin DIP Pin Assignments 


Table 1. 40-Pin DIP Pin Identification 


Pin # Symbol Function Direction Pin # Symbol Function Direction 
1 View Power Supply Input 11 GND Ground Input 

2 XTAL2 Crystal, Oscillator Clock Output 12 P32 Port 3 pin 2 Input 

3 XTAL1 Crystal, Oscillator Clock — Input 13-20 POO-PO7 PortO pins 0,1,2,3,4,5,6,7 In/Output 
4 P37 Port 3 pin 7 Output 21-28 P10-P17 Port 1 pins 0,1,2,3,4,5,6,7 In/Output 
5 P30 Port 3 pin O Input 29 P34 Port 3 pin 4 Output 

6 /RESET Reset Input 30 P33 Port 3 pin 3 Input 

i R//W Read/Write Output 31-38 P20-P27 Port 2 pins 0,1,2,3,4,5,6,7 In/Output 
8 /DS Data Strobe Output 39 P31 Port 3 pin 1 Input 

9 [AS Address Strobe Output 40 P36 Port 3 pin 6 Output 
10 P35 Port 3 pin 5 Output ee 
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| 786C21 
A SiLGS 78° MCU 
PIN DESCRIPTION (Continued) 





@ I] N/C 
of} P30 
+ [I] P37 
wo {| XTAL1 
nm f] XTAL2 
| P27 
| P26 
|] P25 


= fT] vcc 


/RESET 1] N/C 
R//W | P24 
/DS P23 
/AS P22 
P35 P21 


Z86C21 


PLCC rey 


P33 
P34 
P17 
P16 
P15 


GND 
P32 
POO 
P01 
P02 

R//RL 














18 19 20 21 22 23 24 25 26 

Ld ld Ol LL LL LL Ld 
ovr Oo O KR OO rN OM TFT YO 
Oo Oo 08 OF oO fr rT Ff er rr Ss 
aaadareaaeadaaeaeadwea daz 


‘Figure 3. 44-Pin PLCC Pin Assignments 


Table 2. 44-Pin PLCC Pin Identification 


Pin # Symbol Function Direction Pin# Symbol Function Direction 
1 ee Power Supply Input 14-16 POO-PO2 PortOpin0O,1,2 In/Output 
2 XTAL2 Crystal, Oscillator Clock Output 17 R//RL ROM/ROMIess control Input 

3 XTAL1 Crystal, Oscillator Clock Input 18-22 PO3-PO7 Port O pins 3,4,5,6,7 In/Output 
4 P37 Port 3 pin 7 Output 23-27 P10-P14 Port 1 pins 0,1,2,3,4 In/Output 
5 P30 Port 3 pin O Input 28 N/C Not Connected Input 

6 N/C Not Connected Input 29-31 P15-P17  Port1 pins 5,6,7 | In/Output 
i /RESET Reset Input 32 P34 Port 3 pin 4 Output 

8 R/W Read/Write | Output 33 P33 Port 3 pin 3 Input 

9 /DS Data Strobe Output 34-38 P20-P24 Port 2 pins 0,1,2,3,4 In/Output 
10 IAS Adaress Strobe Output 39 N/C Not Connected Input 

11 P35 Port 3 pin 5 Output 40-42 P25-P27 Port 2 pins 5,6,7 In/Output 
12 GND Ground Input 43 P31 Port 3 pin 1 Input 

13 P32 Port 3 pin 2 Input 44 P36 Port 3 pin 6 Output 
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. 786021 
A SiLas 78° MCU 





TT ]_| XTAL1 
T_T]. ] XTAL2 
rT TT J «VCC 
PTT ~2GND 
a eee 
es a) 


oO & 
oO OM 
oO 0 
Ale 


| TT} «P26 
ph — 3} P25 


/RESET CL_[T 
R/W L_LT 


|} 6 GND 
| dL |} P24 





Ss Ly Pr) P23 
AS C_LL_ [TT _] p22 
P35 C TT _ 
[Tl] Pai 
Z86C21 
GND C_IT _ QFP TTI] P20 
P32 C_TT TT] p33 
Poo Lt} TI] P34 
Pot [tt et) Pi7 
po2 Ltd TT] P16 
R/RL C_IT TT pis 
123 45 6 0 
aii ill il 
ea 8.8 590 228 23 
f@oeicrtcrtcmRaaaaa 
Figure 4. 44-Pin QFP Pin Assignments 
Table 3. 44-Pin QFP Pin Identification 
Pin# Symbol Function Direction Pin # Symbol Function Direction 
1-5 PO3-PO7 ~=Port O pins 3,4,5,6,7 In/Output 31 XTAL1 Crystal, Oscillator Clock Input 
6 GND Ground Input 32 P37 Port 3 pin 7 Output 
7-14 P10-P17 ~—— Port 1 pins 0,1,2,3,4,5,6,7 In/Output oie) P30 Port 3 pin O Input 
15 P34 Port 3 pin 4 Output 34 /RESET Reset Input 
16 P33 Port 3 pin 3 Input 35 R//W Read/Write Output 
17-21 P20-P24 Port 2 pins 0,1,2,3,4 In/Output 36 /DS Data Strobe Output 
22 GND Ground Input 37 /AS Address Strobe Output 
23-25 P25-P27 Port 2 pins 5,6,7 In/Output 38 P35 Port 3 pin 5 Output 
26 P31 Port 3 pin 1 Input 39 GND Ground Input 
27 P36 Port 3 pin 6 Output 40 P32 Port 3 pin 2 Input 
28 GND Ground Input 41-43 POO-PO02 PortO pins 0,1,2 In/Output 
29 V Power Supply Input 44 R//RL ROM/ROMIess contro! — Input 


cc 
30 XTAL2 Crystal, Oscillator Clock Output 
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A ZiLAS 


Z86C21 
28° MCU 





PIN FUNCTIONS 


/ROMless (input, active Low). This pin, when connected to — 


GND, disables the internal ROM and forces the device to 
function as a Z86C91 ROMless Z8. For more details on the 
ROMless version, refer to the Z86C91 product specifica- 
tion. (Note: that when left unconnected or pulled high to 
Voc: the part functions as a normal Z86C21 ROM version). 
This pin is only available on the 44-pin versions of the 
Z86C21. 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS is placed in the high-impedance 
state along with Ports 0 and 1, Data Strobe, and Read/ 
Write. 


XTAL1, XTAL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 


R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C21 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. 
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On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at a rate of ToC2. When 
/RESET is deactivated, program execution begins at loca- 
tion OOOC (HEX). Power-up reset time must be held Low for 
50 ms, or until V,, is stable, whichever is longer. 


Port 0 (PO7-POO). Port O is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight I/O lines 
can.be configured under software control as a nibble |/O 
port, oras an address port for interfacing external memory. 
When used as an I/O port, Port O may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the I/O direction of the upper 
nibble PO7-PO4. The lower nibble must have the same 
direction as the-upper nibble to be under handshake 
control. 


For external memory references, Port O can provide ad- 
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 


~ upper nibble) depending on the required address space. 


If the address range requires 12 bits or less, the upper 
nibble of Port 0 is programmed independently as I/O while 
the lower nibble is used for addressing. If one or both 
nibbles are needed for I/O operation, they must be config- 
ured by writing to the Port O Mode register. 


In ROMless mode, after a hardware reset, Port O lines are 
defined as address lines A15-A8, and extended timing is 
set to accommodate slow memory access. The initializa- 
tion routine includes reconfiguration to eliminate this ex- 
tended timing mode (Figure 5). 
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Z86C21 LE 
MCU 


Port 0 (I/O) 


Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 





OEN i 
J 
>— 


PAD 


Out ——) 


TTL Level Shifter 
In << 


Auto Latch 


AN 
AN 


i 


Figure 5. Port 0 Configuration 
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PIN FUNCTIONS (Continued) 


Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad- 
dress (A7-A0) and Data (D7-D0O) ports. For Z86C21, these 
eight I/O lines can be programmed as Input or Output lines 
or can be configured under software control as an ad- 
dress/data port for interfacing external memory. When 
used asan |/O port, Port 1 can be placed under handshake 
control. In this configuration, Port 3 line P33 and P34 are 
used as the handshake controls RDY1 and /DAV1. 


Memory locations greater than 8192 are referenced through 
Port 1. Tointerface external memory, Port 1 is programmed 


for the multiplexed Address/Data mode. If more than 256 
external locations are required, Port O must output the 
additional lines. 


Port 1 can be placed in a high-impedance state along with 
Port 0, /AS, /DS and R//W, allowing the MCU to share 
common resource in multiprocessor and DMA applica- 
tions. Data transfers are controlled by assigning P33 as a 
Bus Acknowledge input, and P34 as a Bus request output 
(Figure 6). 


Port 1 
(AD7-ADO) 


Z86C21 


MCU 


} 


OEN 


>e 





Handshake Controls 
/DAV1 and RDY1 
(P33 and P34) 


PAD 


ou 2) 


TTL Level Shifter 


acca 


a 


R = 500 KQ 


Auto Latch 


Figure 6. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
I/O lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for I/O operation. When used as an |/O port, 
Port 2 may be placed under handshake control. In this 


Z86C21 
MCU 


Open-Drain 


OEN >. 
@ 





configuration, Port 3 lines P31 and P36 are used as the 
handshake control lines /DAV2 and RDY2. The handshake 
signal assignment for Port 3 lines P31 and P36 is dictated 
by the direction (input or output) assigned to P27 
(Figure 7). 


Port 2 (I/O) 


Handshake Controls 
/DAV2 and RDY2 
(P31 and P36) 


PAD 


Out ———) 


TTL Level Shifter 


In @ 


AN 
x 


Auto Latch 


Figure 7. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 


Port 3 (P37-P30). Port 3 is an 8-bit, CMOS compatible four- 
fixed-input and four-fixed-output port. These eight I/O lines 
have four-fixed input (P33-P30) and four fixed output 
(P37-P34) ports. Port 3, when used as serial I/O, is pro- 
grammed as serial in and serial out, respectively (Figure 8 
and Table 4) Port 3 pins have Auto Latches only. 

Port 3 is configured under software control to provide the 
following control functions: handshake for Ports O and 2 
(/DAV and RDY); four external interrupt request signals 
(IRQ3-IRQO); timer input and output signals (T,, and T,,,,), 
and Data Memory Select (/DM). 


UART Operation. Port 3 lines P30 and P37, are be pro- 
grammed as serial I/O lines for full-duplex serial asynchro- 


Z86C21 
MCU 


Port 3 Output Configuration PAD 


Out 





pear elena ecriecaies | 





nous receiver/transmitter operation. The bit rate is con- 
trolled by the Counter/TimerO. 


The Z86C21 automatically adds astart bit and two stop bits 
to transmitted data (Figure 9). Odd parity is also available 
as an option. Eight data bits are always transmitted, 
regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 


Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 


Port 3 
(I/O or Control) 


PAD 





Auto Latch 


* 


Port 3 Input Configuration 


Figure 8. Port 3 Configuration 
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Table 4. Port 3 Pin Assignments 

Pin /O CTC1 int. PO HS P1HS P2 HS UART Ext 

P30 IN IRQ3 Serial In 

P31 IN ie IRQ2 D/R 

P32 IN IRQO D/R 

P33 IN IRQ1 D/R 

P34 OUT R/D DM 

P35 OUT R/D 

P36 OUT ar R/D 

P37 OUT Serial Out 

TO IRQ4 

T1 IRQ5 
Notes: 


HS = Handshake Signals; D = Data Available; R = Ready 


Auto Latch. The Auto Latch puts valid CMOS levels onall 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer whenitis 
not been driven by any source. 


Low EMI Option. The Z86C21 is available inaLowEM|l gf 
option. This option is mask-programmable, to be selected 

by the customer at the time when the ROM code is wm 
submitted. Use of this feature results in: 


Transmitted Data (No Parity) 


[sp] sP | o7 | 08] 0s [p4] 0a [pe] ot [oo sr, 
| le Start Bit 
Eight Data Bits 


Two Stop Bits 


Transmitted Data (With Parity) 


[se] sp] P [pe] 05 | 04] ba] p2} 01 | bo | st 
| L Start Bit 


Seven Data Bits 


Odd Parity 
Two Stop Bits 


The pre-drivers slew rate reduced to 10 ns typical. 


Low EMI output drivers have resistance of 200 Ohms 
typical. 


Oscillator divide-by-two circuitry is eliminated. 


Internal SCLK/TCLK operation is limited to a maximum 
of 4 MHz (250 ns cycle time) 


Received Data (No Parity) 


SP] 07 | ps} ps] 4} 0] p2| 01 [0 | st 
| L Start Bit 
Eight Data Bits 


One Stop Bit 


Received Data (With Parity) 


[se] P [oe] 05 | 4} 03] 02 | ot } po} sr) 
| L Start Bit 


Seven Data Bits 


Parity Error Flag 
One Stop Bit 


Figure 9. Serial Data Formats 
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FUNCTIONAL DESCRIPTION 
Address Space 


Program Memory. The Z86C21 can address up to 56K 
bytes of external program memory (Figure 10). The first 12 
bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. For ROM mode, 
byte 13 to byte 8191 consists of on-chiod ROM. At ad- 
dresses 8192 and greater, the Z86C21 executes external 
program memory fetches. In the ROMless mode, the 
Z86C21 can address up to 64K bytes of external program 
memory. Program execution begins at external location 
OOOC (HEX) after a reset. 


External 
ROM and RAM 


On-Chip ROM 


Location of 
First Byte of 
Instruction 
Executed 
After RESET 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 





Figure 10. Program Memory Configuration 
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Data Memory (/DM). The ROM version can address up to 
56K bytes of external data memory space beginning at 
location 8192. The ROMless version can address up to 
64K bytes of external data memory. External data memory 
can be included with, or separated from, the external 
program memory space. /DM, an optional I/O function that 
can be programmed to appear on P34, is used to distin- 
guish between data and program memory space (Figure 
11). The state of the /DM signai is controlled by the type 
instruction being executed. An LDC opcode references 
PROGRAM (/DM inactive) memory, and an LDE instruction 
references DATA (/DM active Low) memory. 


65535 


External 
Data 
Memory 


8192 
8191 


Not Addressable 





Figure 11. Data Memory Configuration 
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Register File. The Register File consists of four I/O port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 12). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C21 also allows short 4-bit register 
addressing using the Register Pointer (Figure 13). In the 
4-bit mode, the Register File is divided into 16 working 


LOCATION IDENTIFIERS 















R255 SPL 


Stack Pointer (Bits 7-0) 
R254 Stack Pointer (Bits 15-8) 
R253 j 


Timer/Counter1 


R252 
R251 
R250 
R249 
R248 
R247 
R246 
R245 
R244 
R243 
R242 
R241 
R240 
R239 


General-Purpose 
Registers 


R4 
R3 P3 
Re | P2 
Rt Pt 


RO PO 


Figure 12. Register File 


register groups, each occupying 16 continuous locations. 
The Register Pointer addresses the starting location of the 
active working-register group. For the reset and power-up 
conditions of the Register File, see Figure 14. 


Note: Register Bank EO-EF can only be accessed through 
working registers and indirect addressing modes. 





7 r6 5 r4 ra r2 rt 10 R253 


(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


FF 
—— R15 to RO 
FO 


Specified Working 
Register Group 







The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 


ee ee 8@® @ @ 


1F 
== Register Group 1 R15 to RO 
10 
OF : 
Register Group 0 R15 to R4 
I/O Ports R3 to RO 


00 


Figure 13. Register Pointer 
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FUNCTIONAL DESCRIPTION (Continued) 


REGISTER POINTER 


7 bef os] D4} of of of oJ 


Working Register 
Group Pointer 





Z8 REGISTER FILE 


%TF 


%0F 
%00 





Notes: 

1. General-purpose registers are not reset 
after Stop-Mode Recovery or after a Reset. 

2. General-purpose registers are undefined 
after Power-up. 












Z8 STANDARD CONTROL REGISTERS 


RESET CONDITION 


{o7| 06] 5 [4] 03] b2| 01] 0| 
OO 
pu uf ufufufutolu) 
uf uf ufufufufolyl 
pul uf uf uf ufulfelu) 


REGISTER 





















REGISTER RESET CONDITION 






TOY ee 
Pwo pe} fufututufufufutu 


% (0) 01 P14 
% (0) 00 PO 


U = Unknown 
t = For ROMless (Z86C91) reset condition = 10110110 


ufutufulufututu 
ufufujufufef uly! 


Figure 14. RAM Register File Reset Condition 


RAM Protect. The upper portion of the RAM’s address 
spaces 80FH to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect bit 
option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user activates from the internal ROM 
code to turn off/on the RAM Protect by loading a bit D6 in 
the IMR register to either aO or a 1, respectively. A 1 in D6 
indicates RAM Protect enabled. 


ROM Protect. The first 8 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
dumping of the ROM contents by inhibiting execution of 
LDC, LDCI, LDE, and LDEl instructions to Program Memory 
in all modes. 


The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. 


Note: With RAM/ROM protect on even, the Z86C21 can- 
not access the memory space. 


Stack. The Z86C21 has a 16-bit Stack Pointer (R254- 
R255) used for external stack that resides anywhere in the 
data memory for the ROMless mode, but only from 8192 
to 65535 in the ROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R4-R239). The high byte of the 
Stack Pointer (SPH-Bit 8-15) is used as a general-purpose 
register when using internal stack only. 





A 2iLAS 


Z86C21 
Z8® MCU 





Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro- 
grammable prescaler. The T1 prescaler is driven by inter- 
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 15). 


The 6-bit prescalers divides the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value (1 
to 256) that has been loaded into the counter. When both 
the counter and prescaler reach the end of the count, a 
timer interrupt request, IRQ4 (TO) or IRQ5 (71), is gener- 
ated. 


The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 


Write 


PREO 


Initial Value 
Register 


6-Bit 
Down 
Counter 





Internal 
Clock 


External Clock 


Clock 
Logic 
6-Bit 
|) Down 
Counter 


Internal Clock if 

Gated Clock PRE1 

Triggered Clock Initial Value 
Register 


TIN P31 : 
Write 












also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter- 
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that is retriggerable or non- 
retriggerable, or as a gate input for the internal clock. Port 
3, line P36, also serves as a timer output (T,,,,) through 
which TO, T1 or the internal clock is output. The counter/ 
timers are cascaded by connecting the TO output to the 
input of T1. 


Internal Data Bus 









TO 
Initial Value 
Register 


t 


TO 
Current Value 
Register 



























8-bit 
Down 
Counter IRQ4 
Serial I/O 
Clock 
P36 
| 8B IRQS 
Down 
Counter 
T1 T1 
Initial Value Current Value 
Register Register 


u 


Internal Data Bus 


Figure 15. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Interrupts. The Z86C21 has six different interrupts from — 


eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follow: four 
sources are claimed by Port 3, lines P33-P30; one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
16). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register. (Refer to Table 4.) 


All Z86C21 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis- 
ables all of the subsequent interrupts, save the Program 
Counter and Status Flags, and then branches to the 
programmemory vector location reserved for that interrupt. 
This memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 


Global 
Interrupt 
Enable 


Interrupt 
Request 


PRIORITY 
LOGIC 


Vector Select 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests need 
service. Software initialed interrupts are supported by 
setting the appropriate bit in the Interrupt Request Register 
(IRQ). 


Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 


For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 


IRQO - IRQ5 





Figure 16. Interrupt Block Diagram 
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Clock. The Z86C21 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 1 MHz to 16 MHz max, and series resistance (RS) is 
less than or equal to 100 Ohms. The crystal should be 
connected across XTAL1 and XTAL2 using the recom- 





mended capacitors (10 pF < CL < 300 pF) from each pin 
11, ground instead of just system ground. This prevents 
noise injection into the clock input (Figure 17). 


Note: Actual capacitor value is specified by the crystal 
manufacturer. 


XTAL1 XTAL1 XTAL1 
C1 Ci 
XTAL2 XTAL2 XTAL2 
el oa 
= Pin11 — Pin11 
Ceramic Resonator LC Clock External Clock 


or Crystal 


Figure 17. Oscillator Configuration 


HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The device 
is recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en- 
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur- 
rent to 5 pA (typical) or less. The STOP mode is terminated 
by a reset which causes the processor to restart the 
application program at address OOOC (HEX). 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode=OFFH) immediately before the 
appropriate sleep instruction. i.e., 


FF NOP _ ;clear the pipeline 

6F STOP ; enter STOP mode 
or 

FF NOP _ ;clear the pipeline 

7F HALT ; enter HALT mode 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Description — Min Max Units | 
Veg -—s Supply Voltage” ~0.3 +7.0 V 
aes Storage Temp -5 +150 °C 
uy Oper Ambient Temp T °C 
Notes: 


* Voltages on all pins with respect to GND. 
t+ See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 18). 
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Stress greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This 
is a stress rating only; operation of the device at any 
condition above those indicated in the operational sec- 
tions of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 


+5V 


2.1 KQ 


From Output 
Under Test 


150 pF 9.1kQ 


Figure 18. Test Load Diagram 


736021 
A SILAS 78° MCU 
DC CHARACTERISTICS 





T, =0°C T, = 40°C Typical 
to +70°C to +105°C at 
Sym Parameter Min Max Min Max 25°C Units Conditions 
Max Input Voltage 7 7 V Ly < 200 pA 

Vy Clock Input High Voltage 3.8 Vig 40.3 3.8 Vogt0.3 V__ Driven by External Clock Generator 
V,, Clock Input Low Voltage —0.3 0.8 0.3 0.8 V Driven by External Clock Generator 
V., _ Input High Voltage 2 Vig +0.3 2.0 Vig +0.3 V 
V, Input Low Voltage 0.3 0.8 -0.3 0.8 V 
Voy Output High Voltage 2.4 2.4 V yy = 72-0 MA 
Vo, Output High Voltage Veg—100 mV Veg 100 mV Vly = 7100 pA 
V,, Output Low Voltage 0.4 0.4 VI, =+9.0 mA 
V4 Reset Input High Voltage 3.8 Veet 0.3 3.8 Veg +0.3 V 
V,, Reset Input Low Voltage 0.3 0.8 0.3 0.8 V 
|, Input Leakage -2 2 =2 2 pA V,=0V,V,, 
|, Output Leakage —2 2 =e 2 HAV, = OV, Vig 
lf Reset Input Current -80 —80 pA V,, = OV 
le Supply Current 30 30 20 mA [1] @12 Mkz 

35 35 24 mA = [1] @ 16 MHz 
lacy otandby Current 6.5 6.5 4 mA [1] HALT mode V,, = OV, V,.@ 12 MHz 

is 7 45 mA [1] HALT mode V,,.= OV, V,.@ 16 MHz 
loco Standby Current 10 20 1 pA —- [1] STOP mode V,, = OV, V,, 
I, Auto Latch Low Current —10 10 —14 14 5 pA 
Notes: 


[1] All inputs driven to either OV or V_, outputs floating. 
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AC CHARACTERISTICS , 
External |/O or Memory Read or Write Timing Diagram 


yo oe 
= 


R//W 





E 
eS S) 


Port 0, /DM = 


Port 1 ae A7-AO J 1 D7-DOIN 


/AS 








ral 
() 
2) 





a. 


1 
i 
ae 


/DS 
(Read) @ + | 
a mane 
| | | 7) 
(Write) 
07) 


Figure 19. External I/O or Memory Read/Write Timing 
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AC CHARACTERISTICS 
External |/O or Memory Read or Write Timing Table 
T, = 0°C to +70°C T, = —40°C to +105°C 
12 MHz 16 MHz 12 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Min Max Min Max _ Units Notes 
1 TdA(AS) Address Valid to /AS Rise Delay 30 25 35 29 ns = [2,3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 35 45 35 ns [2,3] 
3 TdAS(DR) /AS Rise to Read Data Req’d Valid 250 180 250 180 ns [1,2,3] 
4 TwAS /AS Low Width 55 40 55 40 ns = [2,3] 
5  TdAZ(DS) Address Float to /DS Fall 0 0 0 0 ns 
6 TwDSR /DS (Read) Low Width 185 135 185 135 ns [1,2,3] 
7 ~~ TwOSW /DS (Write) Low Width 110 80 110 80 ns [1,2,3] 
8 TdDSR(DR) —/DS Fall to Read Data Req'd Valid 130 75 130 is ns [1,2,3] 
9  ThDR(DS) — Read Data to /DS Rise Hold Time 0 0 0 0 ns [2,3] 
10  TdDS(A) /DS Rise to Address Active Delay 65 50 65 50 ns = [2,3] 
11 TdDS(AS) /DS Rise to /AS Fall Delay 45 35 45 35 ns = [2,3] 
12. TdR/W(AS) — R//W Valid to /AS Rise Delay 30 20 33 20 ns [2,3] 
13. TdDS(R/W) —/DS Rise to R//W Not Valid 50 35 50 35 ns [2,3] 
14. TdDW(DSW) Write Data Valid to /DS Fall (Write) Delay 35 20 35 20 ns = [2,3] 
15 TdDS(DW)  /DS Rise to Write Data Not Valid Delay 55 35 55 30 ns [2,3] 
16 TdA(DR) Address Valid to Read Data Req'd Valid 310 230 310 230 ns [1,2,3] 
17. TdAS(DS) /AS Rise to /DS Fall Delay 65 45 65 45 ns [2,3] 
18 TdDM(AS)  /DM Valid to /AS Rise Delay 50 30 50 30 ns = [2,3] 
Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. Clock Dependent Formulas 
Standard Test Load A 
All timing references use 2.0V for a logic 1 and 0.8V for a logic 0. Number Symbol Equation 
1 TdA(AS) 0.40TpC + 0.32 
2 TdAS(A) 0.59TpC — 3.25 
3 TdAS(DR) 2.83TpC + 6.14 
4 TWAS O.66TpC — 1.65 
6 TwDSR 2.33TpC — 10.56 
v4 TwDSW 1.27TpC + 1.67 
8 TdDSR(DR) 1.97TpC - 42.5 
10 TdDS(A) 0.8TpC 
a TdDS(AS) 0.59TpC - 3.14 
12 TdR/W(AS) 0.4TpC 
13 TdDS(R/W) O0.8ToC - 15 
14 TdDW(DSW) 0.4TpC 
15 TdDS(DW) 0.88TpC — 19 
16 TdA(DR) ATpC -20 
17 TdAS(DS) 0.91TpC -10.7 
18 TdDM(AS) O0.9TpC - 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 


Clock 


TIN 


IRQN 


Figure 20. Additional Timing 


AC CHARACTERISTICS 
Additional Timing Table 


No Sym Parameter 

1 = =TpC Input Clock Period 

2 = Tr, TfC Clock Input Rise & Fall Times 

3 TwC Input Clock Width 

4 TwTinb Timer Input Low Width 

5 TwiinH Timer Input High Width 

6 = Tptin Timer Input Period 

7 ~~ TrTin,TfTin Timer Input Rise & Fall Times 

8A TwiL Interrupt Request Input Low Times 
8B TwiL Interrupt Request Input Low Times 
9  TwiH Interrupt Request Input High Times 


Notes: 


T, = O°C to +70°C 
12 MHz 


Min 
83 


39 
19 


3TpC 
8TpC 
100 


70 
3TpC 
3TpC 


Max 


1000 
15 


[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 


[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 


[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31). 
[5] Interrupt request through Port 30. 
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16 MHz 


Min 
62.9 
25 
15 
3TpC 


8TpC 
100 


70 
3TpC 
3TpC 


Max 


1000 
10 


T, = 40°C to +105°C 
12 MHz 


Min 
83 


39 
f 


3TpC 
8TpC 
100 


70 
3TpC 
3TpC 


Max 


1000 
15 


16 MHz 


Min 
62.5 


29 
19 


3TpC 
8TpC 
100 


50 
3TpC 
3TpC 


Max 


1000 
10 





Units Notes 


NS 
ns 
ns 
ns 


ns 


AS 


[1] 
[1] 
[1] 
[2] 


[2] 
[2] 
[2] 


[2,4] 
[2,5] 
[2,3] 


Z86C21 


A Silas 78°MCU 


AC CHARACTERISTICS 
Handshake Timing Diagrams 


Data In ( Data In Valid > Next Data In Valid 





/DAV 
(Input) 











(4) 
RDY 
(Output) 
Figure 21. Input Handshake Timing 
Data Out 4 Data Out Valid Next Data Out Valid 
™) 
DAV 
(Output) 
(8) 
RDY 
(Input) 
Figure 22. Output Handshake Timing 
AC CHARACTERISTICS 
Handshake Timing Table 
T, = 0°C to +70°C T, = 40°C to +105°C 
12 MHz 16 MHz 12 MHz 16 MHz Data 
No Sym Parameter Min Max Min Max Min Max Min Max Direction 
1 TsDI(DAV) Data In Setup Time 0 0 0 0 IN 
2 ThDI(DAV) Data In Hold Time 145 145 145 145 IN 
3 TwDAV Data Available Width 110 110 110 110 IN 
4 TdDAVI(RDY) DAV Fall to RDY Fall Delay 115 115 15 115 IN 
5 TdDAVId(RDY) DAV Rise to RDY Rise Delay 115 115 115 115 IN 
6  TdRDYO(DAV) RDY Rise to DAV Fall Delay 0 0 0 0 IN 
7 ~~ TdDO(DAV) Data Out to DAV Fall Delay TpC TpC TpC TpC OUT 
8  TdDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 0 0 | OUT 
9  TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 115 115 ais, OUT 
10 TwRDY RDY Width 110 110 110 110 OUT 
11. TdRDYOd(DAV) RDY Rise to DAV Fall Delay 115 115 115 115 OUT 
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Z8 CONTROL REGISTER DIAGRAMS 


R240 SIO 


[07] bs} bs | D4] os] ce} 1 | Do] 


| 


Serial Data (DO = LSB) 


Figure 23. Serial I/O Register 
(FOH: Read/Write) 


R241 TMR 
[07 be] ps] v4] 03] p2[ 01 oo 


No Function 
Load TO 


Disable TO Count 
Enable TO Count 


No Function 
Load T1 


Disable T1 Count 
Enable T1 Count 


Tin Modes 

00 External Clock Input 
01 Gate Input 

10 Trigger Input 
(Non-retriggerable) 

11. Trigger Input 
(Retriggerable) 


Tout Modes 

00 Not Used 

01 TO Out 

10 T1 Out 

11. Internal Clock Out 


Figure 24. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


[7] be} 0s] 04] 03] pe] 01} bo 


| 


T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

T1 Current Value 
(When Read) 


Figure 25. Counter/Timer 1 Register 
(F2H: Read/Write) 


R243 PRE1 





Count Mode 
0 T1 Single Pass 


T1 Modulo N 


Clock Source 
T1 Internal 
0 T1 External Timing Input 


(Tin) Mode 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 26. Prescaler 1 Register 


(F3H: Write Only) 


R244 TO 


[07] be] ps] p+} pa| 02} D1 | oo) 


| 


TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 


Figure 27. Counter/Timer 0 Register 


(F4H: Read/Write) 


R245 PREO 


eof oo] oe oe] oe 


Count Mode 
0 TO Single Pass 
TO Modulo N 


Reserved (Must be 0) 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 28. Prescaler 0 Register 


(F5H: Write Only) 


736C21 
A SiLas 78° MCU 





R246 P2M R248 PO1M 


07] 0s} ps} 4} ps} 02} 1 po] p7} pe} ps [os] 03] pe] ptf 00 


P20 - P27 I/O Definition P0o - POo Mode 
0 Defines Bit as Output 00 Output 
1 Defines Bit as Input 01 Input 
1X A11- As 
Stack Selection 
Figure 29. Port 2 Mode Register ee 
(F6H: Write Only) ere 
00 Byte Output 
01 Byte Input 
10 AD7-ADo 
R247 P3M 11 High-Impedance AD? DAo, 
/AS, /DS, /R/M, A11 - As, 
D7 | D6 | Ds J D4 | 03 | b2 | D+ | bo | Ais: Ava If Selected 
External Memory Timing 
0 Port 2 Open Drain 0 Normal 
1 Port 2 Push-pull 1 Extended 
Reserved (Must be 0) P07 - P04 Mode 
O P32 = Input oT Fone 
peo = Ouput 1X aes A12 
1 P32 =/DAVO/RDYO 
P35 = RDYO//DAVO 
00 a : Bie Figure 31. Port 0 and 1 Mode Register 
01>, P33 = Input (F8H: Write Only) 
10J P34=/DM 
11. P33=/DAV1/RDY1 
P34 = RDY1//DAV 1 
O P31 = Input (TIN) 
P36 = Output (TOUT) 
1 P31 =/DAV2/RDY2 
P36 = RDY2//DAV2 nerien 
0 P30= Input [57] 06} bs | D4] Da D2] D1] Do 
P37 = Output 
1 P30 = Serial In 
P37 = Serial Out Interrupt Group Priority 
O Parity Off Reserved = 000 


i C>A>B= 001 
Parity On A>B>C=010 
A>C>B=011 
B>C>A= 100 


Figure 30. Port 3 Mode Register BlASCaH0 
(F7H: Write Only) pesenven i 
IRQ1, IRQ4 Priority (Group C) 


0 IRQ1 > IRQ4 
1 IRQ4>IRQ1 


IRQO, IRQ2 Priority (Group B) 
0 IRQ2>IRQO 
1 IRQO>IRQ2 

IRQ3, IRQ5 Priority (Group A) 
0 IRQ5>IRQ3 
1 !IRQ3>IRQ5 


Reserved (Must be 0) 


| 


: 


—_ 


Figure 32. Interrupt Priority Register 
(F9OH: Write Only) 
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Z8 CONTROL REGISTER DIAGRAMS (Continued) 


R250 IRQ_ | 


[D7] Pe] 05] 64] Da] ba] 0] bo 


| 


f 


IRQO = P32 Input (DO = IRQO) 
IRQ1 = P33 Input 

IRQ2 = P31 Input 

IRQ3 = P30 Input, Serial Input 
IRQ4=TO Serial Output 
IRQ5 =T1 


Reserved (Must be 0) 


Figure 33. Interrupt Request Register 
(FAH: Read/Write) 


R251 IMR 


Eg Eee EE 


| 


Enables IRQ5-IRQO 
(Do = IRQO) 


1 Enables RAM Protect 
1 Enables Interrupts 


Figure 34. Interrupt Mask Register 
(FBH: Read/Write) 


R252 FLAGS 


[pr | 6} 05 ]o«] 0s )o2] 01 Jo] 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 


Zero Flag 


iz 


Carry Flag 


Figure 35. Flag Register 
(FCH: Read/Write) 


R253 RP 
Jo] de} 0s] 04] v3} v2] 01 | bo) 


O Reserved (Must be 0) 


Register Pointer 


Figure 36. Register Pointer Register 
(FDH: Read/Write) 


R254 SPH 


[7 D6} D5} ps} os} pe] ps] bo) 
i sae ce 


Byte (SP15 - SPs) 


Figure 37. Stack Pointer Register 
(FEH: Read/Write) 


R255 SPL 
EEEEEoE 
as a 


Byte (SP7 - SPo) 





Figure 38. Stack Pointer Register 
(FFH: Read/Write) 
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INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera- 
tions as shown in the instruction Summary. 


Symbol 
IRR 


Irr 
X 
DA 
RA 
IM 
R 

r 
IR 


Ilr 
RR 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 

Indirect working-register address only 
Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol 


Meaning 


Destination location or contents 
source location or contents 
Condition code 

Indirect address prefix 

Stack Pointer 

Program Counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Flags. Control register (R252) contains the following six 


flags: 


Symbol 


TOU<OMANO 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


— 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 
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CONDITION CODES 
Value Mnemonic Meaning Flags Set 
1000 Always True 
0111 C Carry C= 1 
1111 NC No Carry C=0 
0110 Z Zero ZS 
1110 NZ Not Zero Z=0 
ALOT PL Plus S=0 
0101 MI Minus at 
0100 OV Overflow V=1 
1100 NOV No Overflow V=0 
0110 EQ Equal Tes 
1110 NE Not Equal L=0 
1001 GE Greater Than or Equal (S XOR V) = 0 
0001 LT Less than (S XOR V) = 1 
1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 
1111 UGE Unsigned Greater Than or Equal C=0 
0111 ULT Unsigned Less Than Ca 
1011 UGT Unsigned Greater Than (C=O ANDZ=0)=1 
0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 
0000 F Never True (Always False) 
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A SILAS 78° MCU 
INSTRUCTION FORMATS 





OPC CCF, DI, El, IRET, NOP, 


RCF, RET, SCF 
|_dst_| orc _| 


One-Byte Instructions 


O 
U 
Q 


CLR, CPL, DA, DEC, 


DECW, INC, INCW, 
dst/src p OR POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
pales TCM, TM, XOR 

dst 


Cc JP, CALL (Indirect) 


OR 


x 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 













OPC SRP 
VALUE 
LD 
| OPC _| MODE ADC, ADD, AND, CP, OR 
OR, SBC, SUB, TCM, 
| MODE | _oPC LD, LDE, LDE | MODE | OPC LD 
f ADDRESS | 
on [1110 JP 
VALUE 
OPC CALL 
! dsvCC | OPC DJNZ, JR DAU 
DAL 
FFH STOP/HALT 
6FH 7FH 
Two-Byte Instructions Three-Byte Instructions 


INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol notation “addr (n)” is used to refer to bit (n) of a given 
“« ”, For example: operand location. For example: 


dst — dst + src dst (7) 


indicates that the source data is added to the destination refers to bit 7 of the destination operand. 
data and the result is stored in the destination location. The 
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INSTRUCTION SUMMARY (Continued) | 





Address Flags Address Flags 
Instruction Mode Opcode Affected Instruction Mode Opcode Affected 
and Operation dst src Byte(Hex) C ZS V DH and Operation dst src Byte(Hex) C Z S V DH 


ADC dst, src if 1[ ] KK KK OO * INC dst r rE - * KK - - 
dstc-dst + src + C _  dstedst + 1 r=QO-F 
R 20 
ADD dst, src T O[ ] KKK KO * IR 21 
dst«dst + src 
INCW dst RR AO - * Ke Ke - 
AND dst, src t Si 4 - *€* OO - - dstedst + 1 IR Al 
dstedst AND src 
IRET BF *k KK Kk KOK 
CALL dst DA D6 - - = = = = FLAGS<-@SP; 
_ SPe-SP - 2 IRR D4 SP<-SP + 1 
@SP<PC, PC<@SP; 
PC«dst SP<SP + 2; 
IMR(7)<—-1 
CCF EF *K- - ee 
Ce-NOT C JP cc, dst DA cD - = = ee 
if cc is true c=Q0-F 
CLR dst R BO - = = = + PC<dst IRR 30 
dst<-0 IR Bi 
JR cc, dst RA cB - = - ee 
COM dst R 60 - * #* OO - - if cc is true, c=0-F 
dste-NOT dst IR 61 PC<PC + dst 
Range: +127, 
CP dst, src T AL ] kK Kk K - - —128 
dst — src 
LD dst, src r Im  rC - - = - = = 
DA ast R 40 KK KX - - dst«src r R r8 
dste-DA dst IR 41 R r9 
r=O-F 
DEC dst R 00 - KKK - - r xX C7 
dste-adst — 1 IR 01 X fr D7 
r Ir E3 
DECW ast RR 80 - * kK - - lr or FS 
dstdst — 1 IR 81 R R E4 
R IR ES 
DI 8F ee R IM E6 
IMR(7)<-O IR IM  E7 
IR_ R Fo 
DJNZr, dst RA rA - - es ee | 
re-r — 1 r=0O-F LDC dst, src r lrr C2 - - = = ee 
ifr#0 
PC<PC + dst LDCI dst, src lr tr C8 - - ee + 
Range: +127, dstesrc 
-128 rer +1; 
rrerr + 1 
El OF - - se es es 
IMR(7)<-1 
HALT 7F - = = = = = 
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Address Flags Address Flags 
Instruction Mode Opcode Affected Instruction Mode Opcode Affected 
and Operation dst src Byte(Hex)C ZS V DH and Operation dst src Byte(Hex)C ZS V DH 


NOP FF - - = = = = STOP 6F woe = = 
OR dst, src + A[ ] - **#* 0 - - SUB dst, src 7 2[ | KK KK TOK 
dstcdst OR src dst«-dst<-src 
POP dst R 50 me SWAP cst R FO X K**#X- - 
dst«-@SP; IR 51 rT C«d IR F1 
SPeSP + 1 a ee 
ee 

PUSH src R 70 - = = ee eT ea a eae ree ee ee eee 
SP<—SP — 1; IR 71 TCM ast, src ‘8 6[ ] - * * O - - 
@SP¢esrc (NOT dst) 

AND src 
RCF CF O- - - - - 
C—0 TM dst, src | 7[ ] - * * OO - - 

dst AND src 
RET AF - - = ee a et 
PC<@SP; XOR dst, src t B[ ] - * KO - - 
SP<SP + 2 dst dst 

XOR src 
RL dst R 90 *k Ke KK - - 

ee 


+ These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 


aL... eS eR O””~*~*«s A ee a set table above. The second nibble is expressed symbolically by a ‘[ ]’ 
RLC dst R 10 SAB Te ee 3 in this table, and its value is found in the following table to the left of the 
IR 11 applicable addressing mode pair. 
For example, the opcode of an ADC instruction using the addressing 
RR dst R EQ kK KK - modes r (destination) and Ir (source) is 13. 
op 
Address Mode Lower 
RRC dst R CO kok K Ke dst src Opcode Nibble 
tel ele ea 
" [2] 
SBC dst, src t 3[ ] kK KK TOK 
dste—dst~srceC r Ir [3] 
SCF DF : er ee ae R R [4] 
Ce 
R IR [5] 
SRA ast R DO kK KO - - 
IR D1 : IM [6] 
7] | 
kz IR IM [7] 
SRP src Im 31 eee ee ee ee 
RP<src 
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6.5 6.5 | 105 | 105 | 105 | 10.5 | 
0 | DEC DEC ADD ADD | ADD | ADD | ADD | ADD | 
Ri | ul | a 2 mal ie | R2,R1 | IR2,R1] R41, IM | IR1, IMI 


65 | 
1 RLC re ape! | 


IR1 ri, r2 

6.5 ‘ 
2 INC INC SUB 
IR1 ri, r2 
3 JP SRP SBC 
IRR1 | IM {r1,r2 


| ADC ADC | ADC 


Lower Nibble (Hex) 


5 6 7 


10.5 10.5 HS 10.5 
ADC 


ADC 
| ri, Ir2 | | Re R1 lino ra | ~ iM | IR1, iM| 


10.5 10.5 0.5 10.5 

SUB | SUB | SUB UB | SUB 
ri, Ir2 | R2, R1 | IR2, Ri} R1, IM | IR1, IM 
10.5 10.5 a 0.5 10.5 
SBC | SBC | SBC | SBC | SBC 
Pri, Ire | R2, Rt JIR2, R14} R1, IM]{IR1, iM 


85 | 85 | 65 | 65 | 10.5 We 10.5 pe 
4 1 DA | DA | OR | OR | OR OR 

Ri IR1 i 2 a e a i 

705 | 105 65 | 105 | 105 | 105 | 105 
5 | POP | PoP AND AND | AND | AND | AND | AND 

Ri | IR Ht 2 IR2, R1| R1, 1M | IR1, IM 


6.5 
6 COM | COM 
IR1 rt, r2 


Upper Nibble (Hex) 


10.5 10.5 12.0 
8 DECW | DECW | LDE 
RR1 IR1 ri. Irr2 

6.5 


12.0 
9 RL RL | LDE 
Ri | IR1 en in] 

10.5 | 10.5 
A INCW | INCW | ! Re 
, RR | IR ri, r2 
(65 | 65 6.5 
B CLR | CLR | XOR 
Ri | IR1 ri, r2 
6.5 65 | 12.0 
Cc ig RRC | LDC 


~ prt, Irr2 


10. 5 10.5 10.5 10.5 
TCM | TCM | TCM | TCM 


ri, Ir2 | R2, R1 FIR2, R1| R1, 1M | IR1, IM 


R1 
10/12.1]12/14.1] 6.5 6.5 10.5 a 10.5 ie 
7 PUSH | PUSH | TM ™ | TM ™ 
R2 IR2 ri,r2 | rt, lr2 | R2, R1 R1, 1M ra 


=| | 

LDEI 

Irt, Irr2 

met tele 
LDE! 

te a. 


ne nt | 10.5 | 10.5 


cP | cP 
a ra na, S ia a a Ma IR1, IM 


6.5 | 10.5 10.5 10.5 

| XOR | XOR | XOR 
ri, ir2 | R2,R1 | IR2,R1} R1, IM}IR1, IM | 
18.0 uit 
eres 

Irt, Irr2 r1,x,R2 


12.0 18.0 20.0 
D SRA on CALL* mE CALL 
x r, Irr2 _ — IRR1 a 
simi: ae i 108 10.5 
E LD 
ds rt, = Es a a R11 7 i IR1, IM 


z 2 8.5 10.5 
F SWAP | SWAP ie LD 
R1 IR1 Ir, 12 R2, IR1 


Bytes per Instruction 







Lower 
Opcode 
Nibble 
Execution Pipeline 
Cycles | Cycles 
Upper 
Opcode ———eA| Mnemonic 
Nibble 
First Second 
Operand Operand 
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Legend: 

R = 8-bit Address 

r = 4-bit Address 

R1 or ri = Dst Address 
R2 or r2 = Src Address 


Sequence: 
Opcode, First Operand, 
Second Operand 


Note: Blank areas not defined. 


*2-byte instruction appears as 
a 3-byte instruction 
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Et 


D 


=~ Qi 
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PVE Y VT V ep erry 
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CONTROLLING DIMENSIONS + INCH 


40-Pin PDIP Package Diagram 






Al 






0.66/0.31 
026/.020 


45° 


DIM. FROM CENTER 
TO CENTER OF RADII 





m 1142064 
0457.025 







Spo, [MILLIMETER 


| MIN | | MIN | _ Max 
pee pa | 427 | 457 
1. CONTROLLING DIMENSIONS + INCH aL 2.67 





2.LEADS ARE COPLANAR WITHIN .004 IN. 


3. DIMENSION + _MM_ 
INCH 






= 
an 
—A 






| piver | 16.51_| 
[pe | 1524 | 


Tee | 80 
M05 5 
740 | 1765 | 685 | 695 _| 
T6s0_| 656 
600 | 630 


L27 TYP 050 TYP 





44-Pin PLCC Package Diagram 
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PACKAGE INFORMATION (Continued) 





HD 





































A2 
D L 
! 
‘| 
4 OU eet 
—r _ 
it _| 
nn | oe as 
4 me 
= | a dt 
47 £ HE dt 
Tr 4, 
ee | I, 
—r et 
iT | 
I a 
46 COI G 
< 
0°-12° 
b 
NOTES ar | oo5 [{ 025 | oo2 | o10 | 
$ 
1. CONTROLLING DIMENSIONS + MILLIMETER 
2, LEAD CUPLANARITY + MAX aamm [a2 | 200 | aes | o78 | 
oe fb | o#5-| 045 | o1o | o18 | 
Te. | 013 | o20 | oos | oo8 | 
| Hp {| 13.70 | 1430 | 539 | 563 _| 
|p | 990 | 1010 | 390 | 398 | 
| He | 13:70 | 1430 | 539 | 563_| 
|e | 990 | 1010 | 390 | .398 | 
ft. | o60 | 120 | 024 | 047 | 


44-Pin QFP Package Diagram 
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12 MHz 

40-pin DIP 44-pin PLCC 44-pin QFP 
Z86C2112PSC = =Z86C2112VSC = Z86C2112F SC 
Z86C2112PEC Z86C2112VEC Z86C2112FEC 


16 MHz 
40-pin DIP 44-pin PLCC 44-pin QFP 
Z86C2116PSC Z86C2116VSC Z86C2116FSC 


For fast results, contact your local Zilog Sales Office for assistance in ordering the part desired. 


Package 
P = Plastic DIP 
V = Plastic Chip Carrier 


Longer Lead Time 
F = Plastic Quad Flat Pack 


Temperature 
S = 0°C to +70°C 
E = -40°C to 105°C 


Speed 
12 = 12 MHz 
16 = 16 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 89C21 12 P S$ C is a Z89C21, 12 MHz, DIP, O°C to +70°C, Plastic Standard Flow 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 


7 
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Z86E21 CMOS Z8° 
K OTP Microcontroller 


Z86C61/62/96 CMOS Z8° 
icrocontroller 


Z286C063/64 32K ROM Z8°® 
CMOS Microcontroller 


286691 CMOS Z8° 
Miess Microcontroller 


Z86C93 CMOS Z8° Multiply/ 
Divide Microcontroller 


Support Products 


™ 


Superintegration 
Products Guide 


ilog's Literature Guide 
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A SiLAS 


FEATURES 

m 8-Bit CMOS Microcontroller 

m 40-Pin DIP, 44-Pin PLCC, or 44-Pin QFP Package 
m 4.5V to 5.5V Operating Range 

m Low Power Consumption - 275 mW (max) 
m Fast Instruction Pointer - 1.0 ms @ 12 MHz 
m Two Standby Modes - STOP and HALT 

mM 32 Input/Output Lines 

m= Full-Duplex UART 

m All Digital Inputs are TTL Levels 

m Auto Latches 


m High Voltage Protection on High Voltage Inputs 


GENERAL DESCRIPTION 


The Z86E21 microcontroller (MCU) introduces the next 
level of sophistication to single-chip architecture. The 
Z86E21 is amember of the Z8® single-chip microcontroller 
family with 8 Kbytes of EPROM and 236 bytes of general 
purpose RAM. 


The Z86E21 is apin compatible, One-Time-Programmable 
(OTP) version of the Z86C21. The Z86E21 contains 8 
Kbytes of EPROM memory in place of the 8 Kbytes of ROM 
on the Z86C21. 


The MCU is housed in a 40-pin DIP, 44-pin PLCC, or a 
44-pin QFP, and is manufactured in CMOS technology. 
The ROMless pin option is available on the 44-pin versions 
only. The MCU can address both external memory and 
preprogrammed ROM which enables this Z8 microcontrol- 


PRODUCT SPECIFICATION 


Z86E21 


CMOS Z8® MICROCONTROLLER 
WITH 8K OTP 


m RAM and EPROM Protect 
m 8 Kbytes of EPROM 


m 256 Bytes Register File 
- 236 Bytes of General-Purpose RAM 
- 16 Bytes of Control and Status Registers 
- 4 Bytes for Ports 


m Two Programmable 8-Bit Counter/Timers Each 
with 6-Bit Programmable Prescaler 


m Six Vectored, Priority Interrupts from Eight 
Different Sources 


m Clock Speeds 12 and 16 MHz 


m = On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive 


ler to be used in high-volume applications or where code 
flexibility is required. 


Zilog’s CMOS microcontroller offers fast execution, effi- 
cientuse of memory, sophisticated interrupts, input/output 
bit manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 


The Z86E21 architecture is based on Zilog’s 8-bit 
microcontroller core. The device offers a flexible 1/O 
scheme, anefficient register and address space structure, 
multiplexed capabilities between address/data, I/O, anda 
number of ancillary features that are useful in many industrial 
and advanced scientific applications. 
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GENERAL DESCRIPTION (Continued) 


For applications which demand powerful I/O capabilities, 
the Z86E21 offers 32 pins dedicated to input and output. 
These lines are grouped into four ports. Each port consists 
of eight lines, and is configurable under software control to 
provide timing, status signals, serial or parallel 
I/O with or without handshake, and an address/data bus 
for interfacing external memory. 


There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 general-purpose registers. 


To unburden the program from coping with real-time 


problems such as counting/timing and serial data commu- 
_ nication, the Z86E21 offers two on-chip counter/timers with 


Output 


Input Vec 


| UART 


Counter/ 


Timers 


(2) 


Interrupt 
Control 





VO Address or I/O 
(Nibble Programmable) 


(Bit Programmable) 


GND 





ALU 


FLAGS 


Register 
Pointer 
Register File 
| 256 x 8-Bit 


 Z86E21 
MCU with 8K OTP 


a large number of user selectable modes, and 
a universal asynchronous receiver/transmitter (UART) 
(Figure 1). 

Notes: 

All Signals with a preceding front slash, '/", are active Low, e.g., 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 


Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Voc Vop 
Ground GND Vs 


XTAL /AS /DS R//W /RESET 


Machine Timing and 


Instruction Control 


Prg. Memory 

8192 x 8-Bit 

Program | 
7 Counter 


Address/Data or I/O 
(Byte Programmable) 

























Figure 1. Functional Block Diagram 
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PIN DESCRIPTION 


Standard Mode 


VCC 
XTAL2 
XTAL1 

P37 
P30 
/RESET 
R//W 
/DS 
/AS 
P35 
GND 
P32 
POO 
PO1 
P02 
P03 
P04 
P05 
P06 
P07 


Figure 2. 40-Pin DIP Pin Assignments 
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oon roa f& WwW ND 


Z86E21 
DIP 
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P36 
P31 
P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 
P33 
P34 
P17 
P16 
P15 
P14 
P13 
P12 
P11 
P10 


Table 1. 


BS, 
5 
tf 


Symbol 


Voc 
XTAL2 
XTAL1 
P37 
P30 


/RESET 
R//W 
/DS 
[AS 

0 P35 


11 GND 

12 P32 
13-20 PO7-POO 
21-28 P17-P10 


= OON OD! OFRWND 


29 P34 
30 P33 
31-38 P27-P20 
39 P31 
40 P36 


Z86E21 
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40-Pin DIP Pin Identification 


(Standard Mode) 
Function 


Power Supply 

Crystal, Oscillator Clock 
Crystal, Oscillator Clock 
Port 3, Pin 7 

Port 3, Pin 0 


Reset 
Read/Write 
Data Strobe 
Address Strobe 
Port 3, Pin 5 


Ground 
Port 3, Pin 2 


Port 0, Pins 0,1,2,3,4,5,6, 7 
Port 1, Pins 0,1,2,3,4,5,6,7 


Port 3, Pin 4 
Port 3, Pin 3 


Port 2, Pins 0,1,2,3,4,5,6, 7 


Port 3, Pin 1 
Port 3, Pin 6 


Direction 


Input 
Output 
Input 
Output 
Input 


Input 

Output 
Output 
Output 
Output 


Input 
Input 
In/Output 
In/Output 
Output 


Input 
In/Output 
Input 
Output 
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PIN DESCRIPTION (Continued) 


Standard Mode 


Pin # Symbol 
1 Vee 

2 XTAL2 
3 XTAL1 
4 P37 

5 P30 

6 N/C 

7 /RESET 
8 R//W 

9 /DS 

10 IAS 

11 P35 

12 GND 
13 P32 
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/RESET 


R//W 
/DS 
/AS 
P35 


GND 
P32 


POO 
P01 
P02 
R//RL 


oT] N/C 
oT] P30 
& 1] P37 
of} XTAL1 
rm [] XTAL2 
~T] vcc 
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Figure 3. 
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44-Pin PLCC Pin Assignments 


| NC 

P24 
P23 
P22 
P21 
P20 
P33 
P34 
P17 
P16 
P15 


Table 2. 44-Pin PLCC Pin Identification (Standard Mode) 


Function 


Power Su 


Crystal, Oscillator Clock 
Crystal, Oscillator Clock 


pply 


Port 3, Pin 7 ~ 
Port 3, Pin O 


Not Connected 


Reset 


Read/Write 


Data Stro 


Address Strobe 


be 


Port 3, Pin 5 


Ground 


Port 3, Pin 2 


Direction 


Input 
Output 
Input 
Output 


Input 
Input 
Input 
Output 


Output 
Output 
Output 
Input 
Input 


Pin # 


14-16 
17 

18-22 
23-27 


28 
29-31 
32 
33 


34-38 
39 
40-42 
43 
44 


Symbol 


P02-P00 
R//RL 

P07-P03 
P10-P14 


N/C 
P17-P15 
P34 
P33 


P24-P20 
N/C 
P27-P25 
P31 
P36 


Function 


Port 0, Pins 0,1,2 
ROM/ROMI|ess control 
Port 0, Pins 3,4,5,6, 7 
Port 1, Pins 0,1,2,3,4 


Not Connected 
Port 1, Pins 5,6,7 
Port 3, Pin 4 

Port 3, Pin 3 


Port 2, Pins 0,1,2,3,4 
Not Connected 

Port 2, Pins 5,6,7 
Port 3, Pin 1 

Port 3, Pin 6 


i 2Z86E21 
MCU with 8K OTP 


Direction 


In/Output 
Input 
In/Output 
In/Output 


Input 
In/Output 
Output 
Input 


In/Output 
Input 
In/Output 
Input 

Output 
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el 
PREESSEERES 
iil 
/RESET [_TT _] TT and 
W/W [ty We Ped 
os [TT er 1 6 
/AS C_TT _ [TT] p22 
P35 (_TT__ 
| |} P21 
Z86E21 
Poo [_TT__ —T-7—] P34 
Pot [tT Tr P17 
Po2 [(_TT _| TTT) P16 
123 4 5 0 
S58 8-5 .2 Con a eS 
fetececmRaaeagaaa 
Figure 4. 44-Pin QFP Pin Assignments 
Table 3. 44-Pin QFP Pin Identification (Standard Mode) 
Pin# Symbol Function Direction Pin # Symbol Function Direction 
1-5 PO7-PO3_——s~Port O, Pins 3,4,5,6,7 In/Output 31 XTAL1 Crystal, Oscillator Clock Input 
6 GND Ground Input 32 P37 Port 3, Pin 7 Output 
7-14 = P17-P10_ Port 1, Pins 0,1,2,3,4,5,6,7 In/Output 33 P30 Port 3, Pin O Input 
15 P34 Port 3, Pin 4 Output 34 /RESET Reset Input 
16 P33 Port 3, Pin 3 Input 35 R//W Read/Write Output 
17-21 P24-P20 Port 2, Pins 0,1,2,3,4 In/Output 36 /DS Data Strobe Output 
22 GND Ground Input 37 IAS Adaress Strobe Output 
23-25 P27-P25 _ Port 2, Pins 5,6,7 In/Output 38 P35 Port 3, Pin 5 Output 
26 P31 Port-3,.Pin-l Input 39 GND Ground Input 
27 P36 Port 3, Pin 6 Output 40 P32 Port 3, Pin 2 Input 
28 GND Ground Input 41-43 PO2-POO Port 0, Pins 0,1,2 In/Output 
29 Vee Power Supply Input 44 R//RL ROM/ROMless control Input 
30 XTAL2 Crystal, Oscillator Clock Output 
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PIN DESCRIPTION (Continued) 


EPROM Mode 
Table 4. 40-Pin DIP Pin Identification 
Vcc 1 

NIC 2 Pin # Symbol Function Direction 

XTAL1 3 1 Vee Power Supply Input 

NIC 4 2 N/C Not Connected Input 

3 XTAL1 Crystal, Oscillator Clock Input 

ME LYS 4 N/C Not Connected Input 

/RESET 6 

5 ICE Chip Enable Input 

NG u 6 /RESET Reset Input 

N/C 8 7-10 NC Not Connected Input 

nic Tl 9 1 GND Ground Input 

we [] 10 286R21 12. EPM EPROM Prog Mode Input 

GND 11 138-20 A7-AO Address 0,1,2,3,4,5,6,7 Input 
any i 21-28 D7-DO Data 0,1,2,3,4,5,6,7 In/Output 

29 N/C Not Connected Input 

AO 13 30 Vop Prog Voltage : Input 

i 31-35 A12-A8 Address 8,9,10,11,12 Input 

A2 15 36-37 N/C Not Connected Input 

A3 16 38 /PGM Prog Mode Input 

eo ‘2 39 /OE Output Enable Input 

40 N/C Not Connected Input 


18 


A5 
A6 
A7 


po — 
oOo oO 





Figure 5. 40-Pin DIP Pin Assignments 
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1} N/C 
at] /CE 
=I} N/C 
wf] XTAL1 
mt} N/C 
=} vcc 
[| N/C 
[] /OE 
|| /PGM 
| N/C 
[| N/C 


/RESET [| N/C 
N/C [] A12 
N/C [| A114 
N/C |} A10 
N/C 786E21 || AQ 

ae PLCC 1 Ae 


EPM 
AO 
Al 
A2 

N/C 
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ne oa 
- vw oO t O 
Of 


A3 
A4 
A5 
A6 |} 
A7 
DO 

D 

D 
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Figure 6. 44-Pin PLCC Pin Assignments 


Table 5. 44-Pin PLCC Pin Identification 


Pin # Symbol Function Direction Pin# Symbol Function Direction 
1 Veg Power Supply Input 18-22 A7-A3 Address 3,4,5,6,7 Input 
2 N/C Not Connected Input 23-27 D4-DO Data 0,1,2,3,4 In/Output 
3 XTAL1 Crystal, Oscillator Clock Input 28 N/C Not Connected Input 
4 N/C Not Connected Input 29-31 D7-D5 Data 5,6,7 In/Output 
5 ICE Chip Enable Input 32 N/C Not Connected Input 
6 N/C Not Connected Input 33 Vie Prog Voltage Input 
4 /RESET — Reset Input 34-38 A12-A8 Address 8,9,10,11,12 Input 
8-11 N/C Not Connected Input 39-41 N/C Not Connected Input 
12 GND Ground Input 42 /PGM Prog Mode Input 
13 EPM EPROM Prog Mode Input 43 /OE Output Enable Input 
14-16 A0-A2 Address 0,1,2 Input 44 N/C Not Connected Input 
17 N/C Not Connected Input ee eg ee ee 
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PIN DESCRIPTION (Continued) 
EPROM Mode 
WwW oO - oR OO w c oO oO 
9Zk2°9323208 3 & 
3 
/RESET [_IT _1 —TT—] nc 
NC (TT Tt) Ai2 
we Ltt TI] an 
we CIT —TI—1 Ato 
NC Ltt Z86E21 TT a9 
GND CLL QFP —T1T—] as 
EPM [_I 1 _ 1.) VPP 
oe Se TT] we 
Ai CITC TT 7 
A2 Lit al). (be 
Ne C_ITT —TT—] ps 
Figure 7. 44-Pin QFP Pin Assignments 
Table 6. 44-Pin QFP Pin Identification 
Pin# Symbol Function Direction Pin# Symbol Function 
1-5 A7-A3 Address 3,4,5,6,7 Input 29 Vee Power Supply 
6 N/C Not Connected Input 30 N/C Not Connected 
7-11 D4-DO Data 0,1,2,3,4 31 XTAL1 Crystal, Oscillator Clock 
12-14 D7-D5 Data 5,6,7 In/Output 32 N/C Not Connected 
IS N/C Not Connected Input 33 ICE Chip Enable 
16 Ves Prog Voltage Input 34 /RESET _ Reset 
17-21 A8-Ai2 Address 8,9,10,11,12 Input 35-38 N/C Not Connected 
22-24 NIC Not Connected Input 39 GND Ground 
25 /PGM Prog Mode Input 40 EPM EPROM Prog Mode 
26 /OE Output Enable Input . 41-43 A2-A0 Address 0,1,2 
27 N/C Not Connected Input 44 N/C Not Connected 
28 N/C Not Connected Input 
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Direction 


Input 
Input 
Input 
Input 


Input 
Input 
Input 
Input 


Input 
Input 
Input 
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A SILAS 
PIN FUNCTIONS 


ROMless (input, active Low). This pin when connected to 
GND disables the internal ROM and forces the device to 
function as a Z86C91 ROMless Z8. For more details on the 
ROMless version, refer to the Z86C91 product specifica- 
tion. 


Note: When left unconnected or pulled high to V,,,, the part 
will function as anormal Z86E21 EPROM version. This pin 
is only available on the 44-pin versions of the Z86E21. 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS can be placed in the high- 
impedance state along with Ports O and 1, Data Strobe, 
and Read/Write. 


XTAL2, XTAL1 Crystal 2, Crystal 1 (time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 


R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86E21 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. 


On the fifth clock after the /RESET Is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at a rate of ToC/2. When 
/RESET is deactivated, program execution begins at loca- 
tion OOOC (HEX). Power-up reset time must be held low for 
50 ms, or until V., is stable, whichever is longer. 


Port 0 (PO7-PO0). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight |/O lines 
can be configured under software control as a nibble I/O 
port, or as an address port for interfacing external memory. 


Z86E21 
MCU witH 8K OTP 


When used as an I/O port, Port O may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the |/O direction of the upper 
nibble PO7-P0O4. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 


For external memory references, Port O can provide ad- 
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibbles) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port O can be programmed independently as I/O 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for I/O operation, they must be config- 
ured by writing to the Port O Mode register. 


In ROMless mode, after a hardware reset, Port O lines are 
defined as address lines A15-A8, and extended timing is 
set to accommodate slow memory access. The initializa- 
tion routine can include reconfiguration to eliminate this 
extended timing mode (Figure 8). 


Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad- 
dress (A7-AO) and Data (D7-D0) ports. For Z86E21, these 
eight I/O lines can be programmed as input or output lines 
or are configured under software control as an address/ 
data port for interfacing external memory. When used as 
an I/O port, Port 1 can be placed under handshake control. 
In this configuration, Port 3 lines, P33 and P34, are used as 
the handshake controls RDY1 and /DAV1. 


Memory locations greater than 8192 are referenced through 
Port 1. To interface external memory, Port 1 must be 
programmed for the multiplexed Address/Data mode. If 
more than 256 external locations are required, Port O must 
output the additional lines. 


Port 1 can be placed in high-impedance state along with 
Port 0, /AS, /DS, and R/MW, allowing the MCU to share 
common resources in multiprocessor and DMA applica- 
tions. Data transfers are controlled by assigning P33 as a 
Bus Acknowledge input, and P34 as a Bus Request output 
(Figure 9). 
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PIN FUNCTIONS (Continued) 


Port 0 (I/O) 


Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 





Out T——) & 


TTL Level Shifter 


cacao, 
ga 


perce =4 
a | 


Figure 8. Port 0 Configuration 
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Auto Latch 
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Port 1 
(AD7-ADO) 


OEN 


ie 


Out 


TTL Level Shifter 


In a 


Figure 9. 





Handshake Controls 
/DAV1 and RDY1 
(P33 and P34) 


} 


PAD 


Auto Latch 


fr 
/\ 


Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, bi- configuration, Port 3 lines P31 and P36 are used as the 
directional, CMOS compatible port. Each of these eight = handshake control lines /DAV2 and RDY2. The handshake 
/O lines can be independently programmedasaninputor — signal assignment for Port 3 lines, P31 and P36, is dictated 
output, or globally as an open-drain output. Port2isalways by the direction (input or output) assigned to P27 
available for I/O operation. When used as an I/O port, (Figure 10 and Table 7). 

Port 2 can be placed under handshake control. In this 


Port 2 (I/O) 


Handshake Controls 
/DAV2 and RDY2 
(P31 and P36) 





Open-Drain 


OEN Pe. - 
@ ° ° 


PAD 


out ———) & 


TTL Level Shifter 


a 
ae 


Auto Latch 


perers e277 
ee | 


in 


Figure 10. Port 2 Configuration 
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Port3 (P37-P30). Port3 is an 8-bit, CMOS compatiblefour- output ports. Port 3, when used as serial I/O, is pro- 
fixed input and four-fixed output port. These eight I/O lines |= grammed as serial in and serial out, respectively 
have four-fixed (P33-P30) input and four-fixed (P37-P34) (Figure 11). 





Port 3 


(I/O or Control) 





Figure 11. Port 3 Configuration 


Port 3 is configured under software control to provide the = (IRQ3-IRQ0O); timer input and output signals (T,,, and T,,,;), 
following control functions: handshake for Ports 0 and 2 Data Memory Select (/(DM) and EPROM control signals 
(/DAV and RDY); four external interrupt request signals (P30 = /CE, P31 = /OE, P32 = EPM and P33 = V,,). 


Table 7. Port 3 Pin Assignments 


Pin /O CTC1 Int. PO HS P1 HS P2 HS UART Ext EPROM 
P30 IN IRQ3 Serial In ICE 
P31 IN Ts IRQ2 D/R /OE 
P32 IN IRQO D/R EPM 
P33 IN IRQ1 D/R Ves 
P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT Tour R/D 
P37 OUT Serial Out 
TO IRQ4 
T1 IRQ5 

Notes: 


HS = Handshake Signals 
D = Data Available 
R = Ready 
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UART OPERATION 





Port 3 lines, P37 and P30, are programmed as serial I/O 
lines for full-duplex serial asynchronous receiver/trans- 
mitter operation. The bit rate is controlled by Counter/ 
TimerO. 


_ ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 


Received data must have a start bit, eight data bits, and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 


The Z86E21 automatically adds a start bit and two stop 
bits to transmitted data (Figure 12). Odd parity is also 


available as an option. Eight data bits are always transmit- 


Transmitted Data (No Parity) 


[sP} sP] D7} bs] Ds] p4} 03} 02] D1 | bo] st 
| L Start Bit 
Eight Data Bits 


Two Stop Bits 
Transmitted Data (With Parity) 
[sp] sp] p } o6| 5} 04 |] os [pa] bt | bo sT| 
Start Bit 


Seven Data Bits 


as ae.. 


Odd Parity 
Two Stop Bits 


generate the IRQ3 interrupt request. 


Received Data (No Parity) 





Start Bit 
Eight Data Bits 
One Stop Bit 


Received Data (With Parity) 


[sp] P ] 06| 05] 04] 03] p2] 01 {po | st 
| L Start Bit 


Seven Data Bits 


Parity Error Flag 
One Stop Bit 


Figure 12. Serial Data Formats 


Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not driven by any source. 


ADDRESS SPACE 


Program Memory. The Z8GE21 can address 56 Kbytes of 
external program memory (Figure 13). The first 12 bytes of 
program memory are reserved for the interrupt vectors. 
These locations contain six 16-bit vectors that correspond 
to the six available interrupts. For EPROM mode, byte 13 
to byte 8191 consists of on-chip EPROM. At addresses 
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Note: P33-P30 inputs differ from the Z86C21 because 
there is no clamping diode to V,, due to the EPROM high 
voltage detection circuits. Exceeding the V,, maximum 
specification during standard operating mode may cause 
the device to enter EPROM mode 


8192 and above, the Z86E21 executes external program 
memory fetches. In ROMless mode, the Z86E21 can ad- 
dress up to 64 Kbytes of program memory. Program 
execution begins at external location OOOC (HEX) after 
a reset. 


A ZiLAS 
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65535 


External 
ROM and RAM 


On-Chip PROM 


Location of 12 
First Byte of 
Instruction 
Executed 
After RESET 


interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 





Figure 13. Program Memory Configuration 


Data Memory (/DM). The EPROM version can address up 
to 56 Kbytes of external data memory space beginning at 
location 8192. The ROMless version can address up to 64 
Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /DM, an optional I/O function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 14). The state of the /DM signal is controlled by the 
type instruction being executed. An LDC opcode refer- 
ences PROGRAM (/DM inactive) memory, and an LDE 
instruction references DATA (/DM active Low) memory. 


Register File. The register file consists of four !/O port 
registers, 236 general-purpose registers, and 16 control 
and status registers (Figure 15). The instructions can 


access registers directly or indirectly through an 8-bit 
address field. The Z86E21 also allows short 4-bit register 
addressing using the Register Pointer (Figure 16). In the 
4-bit mode, the Register File is divided into 16 working 
register groups, each occupying 16 continuous locations. 
The Register Pointer addresses the starting location of the 
active working register group. 


Stack. The Z86E21 has a 16-bit Stack Pointer (R255-R254) 
used for external stacks that reside anywhere in the data 
memory for the ROMless mode, but only from 8192 to 
65535 in the EPROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). The high byte of the 
Stack Pointer (SPH Bits 15-8) can be use as a general 
purpose register when using internal stack only. 


65535 
External 
Data 
Memory 
8192 
8191 
Not Addressable 
0 





Figure 14. Data Memory Configuration 
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ADDRESS SPACE (Continued) 


LOCATION 


7-16 


R252 
























R255 SPL 


R254 SPH 


R253 RP 
FLAGS 


R251 IMR 


R250 IRQ 


R249 IPR 


R248 PO1M 


R247 P3M 


R246 P2M 


R245 PREO 


R244 TO 


R243 PRE1 


R242 T1 


R241 TMR 


R240 SiO 


R239 


General-Purpose 
Registers 


R4 | 
R3 P3 


R2 P2 


R1 P1 


RO PO 


Figure 15. Register File 


IDENTIFIERS © 
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R253 
(Register Pointer) 


7 6 5 r4 rs r2 ri. 0 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


— | - 


The lower nibble 
of the register 


0 : file address 
Specified Working provided by the 
Register Group instruction points 


to the specified 
register. 


Register Group 1 R15 to RO 
Register Group 0 R15 to R4 
I/O Ports R3 to RO 


Figure 16. Register Pointer 


A SILAS 
FUNCTIONAL DESCRIPTION 


Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro- 
grammable prescaler. The T1 prescaler is driven by inter- 
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 17). 


The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) that has been loaded into the counter. When both 
the counters and prescalers reach the end of the count, 
a timer interrupt request, IRQ4 (TO) or IRQ5 (T1), is 
generated. 


The counter is programmed to start, stop, restart to con- 
tinue, or restart from the initial value. The counters can also 


Write 






OSC 







Internal 
Clock 


External Clock 


Internal Clock 
Gated Clock 
Triggered Clock 






Tin P31 
Write 


PREO 
Initial Value 
Register 


6-Bit 
Down 
Counter 











6-Bit 
Down 
Counter 


PRE1 
Initial Value 
Register 
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be programmed to stop upon reaching zero (single pass 
mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counter, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divided-by-four, or an external sig- 
nal input through Port 3. The Timer Mode register config- 
ures the external timer input (P31) as an external clock, a 
trigger input that can be retriggerable or non-retriggerable, 
or as a gate input for the internal clock. Port 3 line P36 also 
serves as a timer output (T,,,,) through which TO, T1, or the 
internal clock can be output. The counter/timers are cas- 
caded by connecting the TO output to the input of T1. 


Internal Data Bus 













TO 
Current Value 
Register 


TO 
Initial Value 
Register 




















Counter IRQ4 


Serial I/O 
Clock 






TOUT 
P36 













8-Bit 
Down 
Counter 


IRQ5 













T1 
Current Value 
Register 


T1 
Initial Value 
Register 


Internal Data Bus 


Figure 17. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Interrupts. The Z86E21 has six different interrupts from 
eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follows: four 
sources are claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
18). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register (refer to Table 7). 


All Z86E21 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis- 
_ables all of the subsequent interrupts, saves the Program 
Counter and Status Flags, and then branches to the 
program memory vector location reserved for that interrupt. 
This memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 


Global 
Interrupt 
Enable 


Interrupt 
Request 


PRIORITY 
LOGIC 


Z86E21 
MCU witH 8K OTP 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 


‘polled to determine which of the interrupt requests need 


service. Software initialized interrupts are supported by 
setting the appropriate bit in the Interrupt Request Reg- 
ister IRQ). 


Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 


For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 68rd TpC 
cycle following the external interrupt sample point. 


IRQO - IRQ5 





Vector Select 


Figure 18. Interrupt Block Diagram 
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Clock. The Z86E21 on-chip oscillator has a high gain, 
parallel resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 1 MHz to 16 MHz max; series resistance (RS) is less 





XTAL1 
XTAL2 
me Pin 11 
Ceramic Resonator 


or Crystal 





= Pin11 


LC Clock 


Z286E21 
MCU with 8K OTP 


than or equal to 100 Ohms. The crystal should be con- 
nected across XTAL1 and XTAL2 using the recommended 
capacitors (10 pF < CL < 100 pF) from each pin to ground 
(Figure 19). Note: Actual capacitor value specified by 
crystal manufacturer. 


XTAL1 


XTAL1 


XTAL2 XTAL2 


External Clock 


Figure 19. Oscillator Configuration 


HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and external interrupts IRQO, 
IRQ1, IRQ2, and IRQ3 remain active. The devices are 
recovered by interrupts, either externally or internally gen- 
erated. An interrupt request must be executed (enabled) 
to exit HALT mode. After the interrupt service routine, the 
program continues from the instruction after the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation, and reduces the standby cur- 
rent to 5 pA (typical) or less. The STOP mode is terminated 
by a reset, which causes the processor to restart the 
application program at address OOOC (HEX). 


PROGRAMMING 


Z86E21 User Modes 

The Z86E21 uses separate AC timing cycles for the differ- 
ent User Modes available. Table 8 shows the Z86E21 User 
Modes. Table 9 shows the timing of the programming 
waveforms. 


User MODE 1 EPROM Read 

The Z86E21 EPROM read cycle is provided so that the user 
may read the Z86E21 as a standard 2764A EPROM. This 
is accomplished by driving the /EPM pin (P32) to V,, and 
activating /CE and /OE. /PGMremains inactive. This mode 
is not valid after execution of an EPROM protect cycle. 
Timing for the EPROM read cycle is shown in Figure 20. 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode = OFFH) immediately before the 
appropriate SLEEP instruction. i.e., 


FF NOP _ ;clear the pipeline 

6F STOP ; enter STOP mode 
or 

FF NOP _ ;clear the pipeline 

7F HALT ; enter HALT mode 


User MODE 2 EPROM Program 

The Z86E21 Program function conforms to the Intelligent 
programming algorithm. The device is programmed with 
Voc at 6.0V and V,, = 12.5V. Programming pulses are 
applied in 1 ms increments to a maximum of 25 pulses 
before proper verification. After verification, a program- 
ming pulse of three times the duration of the cycles 
necessary to program the device is issued to ensure 
proper programming. After alladdresses are programmed, 
a final data comparison is executed and the programming 
cycle is complete. Timing for the Z86E21 programming 
cycle is shown in Figures 20 and 21. 
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PROGRAMMING (Continued) 


User Mode 3: PROM Verify 
The Program Verify cycle is used as part of the intelligent 
programming algorithm to insure data integrity under 
worst-case conditions. It differs from the EPROM Read 
cycle in that V,, is active and V,,, must be driven to 6.0V. 
Timing is shown in Figure 21. 


User Modes 4 and 5: EPROM and RAM Protect 

To extend program security, EPROM and RAM protect 
cycles are provided for the Z86E21. Execution of the 
EPROM protect cycle prohibits proper execution of the 
EPROM Read, EPROM Verify, and EPROM programming 
cycles. Execution of the RAM protect cycle disables ac- 
cessesto the upper 128 bytes of register memory (excluding 
mode and configuration registers), but first the user’s 
program must set bit 6 of the IMR (R251). Timing is shown 
in Figure 22. 


User Mode 6: 4K/8K Size Selection | 

The Z86E21 allows the user to select the internal ROM size. 
This feature is useful in that once programmed, the Z86E21 
knows at which address boundary to “go external.” The Z8 
distinguishes internal and external fetches using the data 
strobe (/DS). If programmed for 4K ROM, fetch cycles 
include /DS beginning at location 4096 (indicating an 
external memory fetch). If programmed for 8K ROM, /DS 
remains inactive until location 8192 is reached. Once the 
4K ROM size option is selected, the upper 4K of address 
space is unusable in the Z86E21. 


The timing of the 4K/8K size selection cycle is similar to the 
EPROM and RAM protect cycles. Note that the 4K/8K size 
selection cycle requires that address 03 be indicated on 
the address bus during execution. Timing is shown in 
Figure 22. 


Table 8. OTP Programming Table 


Programming Modes Device Vip 
EPROM READ1 All X 

EPROM READ2 All X 

PROGRAM All Vi 
PROGRAM VERIFY All Vi 
EPROM PROTECT All Vi 
RAM PROTECT El, beeees Vi 
4K ROM SELECT E21, E22 Vi 
Notes: 


V, = 12.5V £0.5V 

Viz = As per specific Z8 DC specification. 

V,, = As per specific Z8 DC specification.. 

X = Notused, but must be set to V,,, V,,,, or V,, level. 

NU = Not used, but must be set to either V,, or V, level. 

|p during programming = 40 mA maximum. 

log during programming, verify, or read = 40 mA maximum. 
* Voc has a tolerance of +0.25V. 
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EPM 


<!| =< >x/ <_< 


— 


ICE /OE /PGM ADDR DATA V,,* 
~ Ve Vy Vy ADDR = Out = 4.5V 
: Vv. Vv, Vv, ADDR Out 5.5V 

Vv. Vy, Vv, ADDR In 60V 
Vv. Vv, Vy ADDR Out  6.0V 
: Vv. Va Vp NU NU 60V 
aU OM Me NU NU 60V 
; Vv. Vy V,, 03 NU 6.0V 





. Z86E21 
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Table 9. Timing of Programming Waveforms 
Parameters Name Min Max Units 
| Address Setup Time 2 LS 
2 Data Setup Time 2 us 
3 Vp setup 2 Ls 
4 Vocg Setup Time 2 Us 
5 Chip Enable Setup Time 2 ILS 
6 Program Pulse Width 0.95 ms 
7 Data Hold Time 2 Ls 
8 /OE Setup Time 2 LS 
9 Data Access Time : 200 ns 
10 Data Output Float Time 100 ns 
11 Overprogram Pulse Width 2.85 ms 
12 EPM Setup Time 2 Ls 
13 /PGM Setup Time 2 Ls 
14 Address to /OE Setup Time 2 LS 
15 Option Program Pulse Width 78 ms 
VIH 
0 Min 
VH @ 
vee w fA | CN 
VH 
EPM _ 
VIL 
5.5V 
i © a 
4.5V 
VIH ce 
ICE = 2 
VIL 
VIH ¢ 
/OE 
VIL 
VIH 
/PGM | a 
VIL 


@ 


Figure 20. Programming Waveform (User Mode 1) 
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PROGRAMMING (Continued) 


VIH 






Address Address Stable 


VIH 


Data ie = Data Stable Data F Data Out Valid Valid 


VH 


7 ER 
vi | | 
pine 

- rl 

Vi 
6 


VCC 

; ® © 
/CE 

VIL 


V 


- = 
‘ ; 
VIH 


= 


x 


a 


< 


- = 


ie 
f 
7 


Se a 


/PGM 
VIL 


Program Cycle Verify Cycle 


Figure 21. Programming Waveform (User Mode 2, 3) 
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VIH 
Address 
VIL ( Address 003 
VIH | 
VIL 
VH , 
VPP 
VIH 
CS) | 
Oe (eee 
Vcc 
= a 
pce mee 
VH 
ICE | 
VIH 
© 
ie el 
VIH 
7 u x 
VIL 
VIH 
/PGM Hi 
ROM Protect RAM Protect 4K Size™ 
Programming Programming Programming 


* Not available for Z86E23 


Figure 22. Programming Waveform (User Mode 4, 5, 6) 
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P11 
P12 
P13 
P14 
P15 
P16 
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P20 
P2i 
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P23 
P24 
P25 
P26 
P27 


12 D1 
13 D 
15 D 
16 D 
17 D. 
| 18 D6 
19 D7 
















— 
— 
Oa if |{@ {P 














POO P30 
Pot P31 
P02 P32 
P03 P33 
P04 P34 
POS P35 


P06 P36 
















GND] 14 GND 







ICS Vcc] 28. VCC 



















A7 20] oy P37 { VPP 
7 
: RW GND rae 2764 Pins 
: Ci /AS vec F, ae 5 0.01pF 
dG /DS — XTAL1 
GND “ ¢ 2 
| /RESET XTAL2 GND 
Z86E21 
40-Pin ZIF 
Socket 
12.5V R4 AS 
10 kOhm 
U3 a9 
[o) 






12.5V_ 16 | X1 12.5 Volt 


1H5043 


Figure 23. Z86E21 Z8 OTP Programming Adapter 
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Addr = 
First Location 


Vcc = 6.0V | 


Program 
1 ms Pulse 


Increment N 


Yes 


OU 






= 


0 


Fail erify 
One Byte 


( 


Fail 
Verify Byte 
P 


Pass aR 


Prog. One Pulse 
3xN ms Duration 


Increment No 
9 


Vcc = Vpp = 4.5V 


val 


< 
9°] 
nn 


erify All Fail 


(S 
P= 
\ fl 


Pass 
Vcc = Vpp =5.5V Device Failed 


erify All Fail 
Bytes 
Pass 


OL 


Device Passed ]} 


Figure 24. Intelligent Programming Flowchart 
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“A 2ILGS 
ABSOLUTE MAXIMUM RATINGS 
Symbol Description Min Max 
Vee Supply Voltage” = + eo 
- Storage Temp 65° +150 
, Oper Ambient Temp 1 
Notes: 


* Voltages on all pins with respect to GND. 
t+ See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 25). 
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Units | 


V 
C 
C 


Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 


+5V 


2.1 kQ 


From Output 
Under Test 


150 pF 9.1kQ 


Figure 25. Test Load Diagram 


ZILA 


DC CHARACTERISTICS 


Sym Parameter 


Max Input Voltage 
Max Input Voltage 
Clock Input High Voltage 
Clock Input Low Voltage 


Q © 
—- 2 


Input High Voltage 
input Low Voltage 
Output High Voltage 
Output Low Voltage 


Oo == 


Reset Input High Voltage 
Reset Input Low Voltage 
Input Leakage 

Output Leakage 


= 
<x 


<ic) ccc co) luc < 


2) 


Reset Input Current 
Supply Current 


Standby Current 


Standby Current 


CC2 


Notes: 
| 
Use this sequence: 
LD TMR,#00 
NOP 
STOP 


T, =0°C 
to +70°C 
Min Max 
; 
13 
3.8 V+ 0.3 
0.3 0.8 
2.0 V,+0.3 
0.3 0.8 
2.4 
0.4 
38  V,.+0.3 
0.3 0.8 
—10 10 
—10 10 
—50 
50 
60 
19 
20 
20 
20 


T, = 40°C Typical 
to +105°C at 
Min Max 25°C 
7 
13 
38 = V+ 0.3 
—0.3 0.8 
2.0 Vi +03 
—().3 0.8 
2.4 
0.4 
3.8  V..+0.3 
—0.3 0.8 
—10 10 
—10 10 
—50 
50 25 
60 35 
15 5 
20) 10 
20 5 
20 5 


coe Fequires loading TMR (%F1H) with any value prior to STOP execution. 


Units 


3325| S8<<| <<<<| <<<< 
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Conditions 


ly 200 pA 

P33-P30 Only 

Driven by External Clock Generator 
Driven by External Clock Generator 


—2.0 mA 
+2.0 mA 


0H 
OL 


OVV,, +5.25V 
OV V,,+5.25V 


Vez +5.25V, V,, = OV 
@ 12 MHz 

@ 16 MHz 

HALT Mode V, = OV, V,.@ 12 MHz 
HALT Mode V,, = OV, V,,@ 16 MHz 
STOP Mode V, = OV, V,.@ 12 MHz 
STOP Mode V, = OV, V,.@ 16 MHz 
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AC CHARACTERISTICS | 
External I/O or Memory Read or Write Timing Diagram 





R//W 
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wa 
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Figure 26. External I/O or Memory Read/Write Timing 
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AC CHARACTERISTICS 
External |/O or Memory Read and Write Timing Table 


= 
o 


Symbol 


TdA(AS) 
TdAS(A) 
TdAS(DR) 
TwAS 


TdAZ(DS) 
TwDSR 
TwOSW 
TdDSR(DR) 


9 ThDR(DS) 
10  TdDS(A) 
11 TdDS(AS) 
12 TdRAW(AS) 


13 TdDS(R/W) 
14 TdDW(DSW) 
15 TdDS(DW) 
16 TdA(DR) 


17 TdAS(DS) 
18 TdDM(AS) 


Notes: 


CON MD Oo & chm — 


Parameter 


Address Valid to /AS Rise Delay 
/AS Rise to Address Float Delay 
/AS Rise to Read Data Req'd Valid 
/AS Low Width 


Address Float to /DS Fall 

/DS (Read) Low Width 

/DS (Write) Low Width 

/DS Fall to Read Data Req'd Valid 


Read Data to /DS Rise Hold Time 
/DS Rise to Address Active Delay 
/DS Rise to /AS Fall Delay 

R//W Valid to /AS Rise Delay 


/DS Rise to R//W Not Valid 

Write Data Valid to /DS Fall (Write) Delay 
/DS Rise to Write Data Not Valid Delay 
Address Valid to Read Data Rea’d Valid 


/AS Rise to /DS Fall Delay 
/DM Valid to /AS Fall Delay 


[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. 


Standard Test Load 


All timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. 


12 MHz 
Min Max Min Max 
35 20 
45 30 
220 
55 35 
0 0 
185 135 
110 80 
130 
0 0 
45 35 
55 30 
30 20 
30 30 
35 25 
35 30 
255 
55 40 
50 30 
Number 
1 
2 
3 
4 
6 
v4 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 


T, = 0°C to +70°C 
16 MHz 


180 


15 


200 


T, = 40°C to +105°C 


Z86E21 
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12 MHz 16 MHz 7 | 
Min Max Min Max Units Notes 
35 25 ns —- [2,3] 
45 35 ns = [2,3] 

250 180 ns (1,2,3] 
55 40 ns [2,3] 
0 Q ns 
185 135 ns [1,2,3] 
110 80 ns [1,2,3] 
130 15 ns [1,2,3] 
0 0 ns [2,3] 
65 50 ns [2,3] 
45 35 ns [2,3] 
33 25 ns [2,3] 
50 35 ns [2,3] 
35 25 ns [2,3] 
55 35 ns = [2,3] 
310 230 ns [12,3] 
65 45 ns [2,3] 
50 30 ns —- [2,3] 


Clock Dependent Formulas 


Symbol 


TdA(AS) 
TdAS(A) 
TdAS(DR) 
TwAS 


TwDSR 
TwDSW 
TdDSR(DR) 
TdDS(A) 


TdDS(AS) 
TdR/W(AS) 
TdDS(RW) 
TdDW(DSW) 


TdDS(DW) 
TdA(DR) 

TdAS(DS) 
TdDM(AS) 


Equation 


0.40 TpC + 0.32 
0.59 ToC - 3.25 
2.83 ToC + 6.14 
0.66 TpC — 1.65 


2.33 ToC — 10.56 
1.27 TpC + 1.67 

1.97 TpC - 42.5 

0.8 TpC 


0.59 TpC - 3.14 
0.4 TpC 

0.8 TpC - 15 
0.4 sTpC 


0.88 TpC — 19 
4 TpC —- 20 

0.91 TpC — 10.7 
0.9 ToC — 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 


Clock 


IRQN 


TIN 


Figure 27. Additional Timing 


AC CHARACTERISTICS 
Additional Timing Table 


No Symbol 


TpC 
TrC, THC 
TwC 
TwTint 


~TwTinH 
TpTin 
TrTin, TfTin 


A TwiL 
B  TwiL 
TwlH 


Cc C CC NO OF1 & cw Po — 


Notes: 


Parameter 


Input Clock Period 

Clock Input Rise & Fall Times 
Input Clock Width 

Timer Input Low Width 


Timer Input High Width 
Timer Input Period 
Timer Input Rise & Fall Times 


Interrupt Request Input Low Times 
Interrupt Request Input Low Times 
Interrupt Request Input High Times 





T, = 0°C to +70°C 


12 MHz 16 MHz 

Min Max Min Max 

83 1000 62.5 1000 
15 10 

3/7 21 

75 50 

5T pC 5TpC 

8TpC 8TpC 

100 100 

70 50 

ST pC 5TpC 

5TpC 5TpC 


[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31). 
[5] Interrupt request through Port 30. 
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T, = 40°C to +105°C 


12 MHz 


Min 
83 


37 


5TpC 
8TpC 
100 


70 
5TpC 
5TpC 


Max 


1000 
15 


16 MHz 


Min 
62.5 


21 
90 


oT pC 
8TpC 
100 


50 
oTpC 
oT pC 


Max 


1000 
10 
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Units Notes 
ns [1] 
ns [1] 
ns [1] 
ns [2] 

[2] 
[2] 
ns [2] 
ns [2,4] 
[2,5] 
[2,3] 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 





Data In 


/DAV 
(Input) 





4) 


RDY 
(Output) 


Figure 28. Input Handshake Timing 


Data Out 4 Data Out Valid Next Data Out Valid 
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/IDAV 
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ne 
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RDY Delayed RDY / 
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Figure 29. Output Handshake Timing 
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AC CHARACTERISTICS 
Handshake Timing Table 
T, = 0°C to +70°C T, = 40°C to +105°C 7 
12 MHz 16 MHz 12 MHz 16 MHz Data 
No Symbol Parameter Min Max Min Max Min Max Min Max Direction 
1 TsDI(DAV) Data In Setup Time 0 0 0 0 IN 
2 ThDI(DAV) Data In Hold Time 145 145 145 145 IN 
3. TwDAV Data Available Width 110 110 110 110 IN 
4 TdDAVI(RDY) DAV Fall to RDY Fall Delay 115 115 115 115 IN 
5 TdDAVid(RDY) DAV Rise to RDY Rise Delay 119 115 15 115 IN : 
6  TdRDYO(DAV) RDY Rise to DAV Fall Delay 0 0 0 0 IN 
7 ~~ TdDO(DAV) Data Out to DAV Fall Delay TpC TpC TpC TpC OUT 
8  TdDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 0 0 OUT 
9  TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 115 115 115 OUT 
10 TwRDY RDY Width 110 110 110 110 OUT 
11 TdRDYOd(DAV) — RDY Rise to DAV Fall Delay 115 115 115 115 OUT 
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R240 SIO 


[07] bs] bs] D4} os} oe] pi] oo 
i ae 


Figure 30. Serial l/O Register 
(FOH: Read/Write) 


R241 TMR 


[07] De} 05] D4] ps} D2] D1] Do 
= No Function 


Load TO 


Disable TO Count 
Enable TO Count 


-O —+0O 


No Function 
Load T1 


Disable T1 Count 
Enable T1 Count 


Tin Modes 

00 External Clock Input 

01 Gate Input 

10 Trigger Input 
(Non-retriggerable) 

11 Trigger Input 
(Retriggerable) 


-O 


-O 


| 


Tout Modes 

00 Not Used 

01 TO Out 

10 T1 Out 

11. Internal Clock Out 


Figure 31. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


07} 6] ps} 4] os] pa} bt | bo} 


(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

Ti Current Value 
(When Reaq) 


Figure 32. Counter/Timer 1 Register 
(F2H: Read/Write) 


Z86E21 
MCU with 8K OTP 


R243 PRE1 


[07] De} 0s] D4] ps} D2] 01] bo 
L Count Mode 


0 T1 Single Pass 
1 T1Modulo N 


Clock Source 
1 T1 Internal 
0 T1 External Timing Input 
(Tin) Mode 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 33. Prescaler 1 Register 
(F3H: Write Only) 


R244 TO 


107] bs] ps} 4] pa] v2| 01} bo| 


TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 


Figure 34. Counter/Timer 0 Register 
(F4H: Read/Write) 


R245 PREO 


[07] pel os] D4] os} 02} 01] 0 
fees Count Mode 


0 TO Single Pass 
1 TO Modulo N 


Reserved (Must be 0) 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 35. Prescaler 0 Register 
(F5H: Write Only) 
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Z8 CONTROL REGISTER DIAGRAMS (Continued) 


R246 P2M 


[07 | be} os} 04] ba] v2} Ds] bo) 


as Saaenuee” P20 - P27 I/O Definition 


0 Defines Bit as Output 
1 Defines Bit as Input 


Figure 36. Port 2 Mode Register 
(F6H: Write Only) 


R247 P3M 


Lezfos}os}o¢]os[02] 01] 00 


L_ 0 Port 2 Pull-Ups Open Drain 


as 


1 Port 2 Pull-Ups Active 
Reserved (Must be 0) 


0 P32 = Input 
P35 = Output 

1 P32 =/DAVO/RDYO 
P35 = RDY0//DAVO 


00 P33 = Input 
P34 = Output 

01 $ P33 = Input 

10/7 P34=/DM 

11. P33 =/DAV1/RDY1 
P34 = RDY1//DAV1 


0 P31 = Input (TIN) 
P36 = Output (TOUT) 

1 P31 =/DAV2/RDY2 
P36 = RDY2//DAV2 


0 P30 = Input 
P37 = Output 

1 P30 = Serial In 
P37 = Serial Out 


0 Parity Off 
Parity On 


Figure 37. Port 3 Mode Register 
(F7H: Write Only) 
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R248 PO1M 


[pz [06] 05 | ps} 03 [2] 0% | bo} 


R249 IPR 


[TF 


01 


1 


00 
01 
10 
14 


1 


POo - POo Mode 
00 Output 


input 


1X Aii-As 


Stack Selection 
0 External 
Internal 


P17 - Pio Mode 


Byte Output 

Byte Input 

AD7 - ADo 

High-Ilmpedance AD7 - DAo, 
/AS, /DS, /R/W, A11- As, 
A1s- Ata, If Selected 


External Memory Timing 
O Normal 
Extended 


P07 - P04 Mode 


00 Output 


01 


Input 


1X Ai15-At12 


[o7| ps] 5] ps] 03} o2} 01] bo) 


0 
1 
0 
1 
0 
1 


Figure 38. Port 0 and 1 Mode Register 
(F8H: Write Only) 


Interrupt Group Priority 


Reserved = 000 
C>A>B=001 
A>B>C=010 
A>C>B=011 
B>C>A= 100 
C>B>A= 101 
B>A>C= 110 
Reserved = 111 


IRQ1, [RQ4 Priority (Group C) 


IRQ1 > IRQ4 
IRQ4 > IRQ1 


a is Priority (Group B) 


Q2 > IRQO 
IRQO > IRQ2 


IRQ3, IRQS Priority (Group A) 


IRQ5 > IRQ3 
IRQ3 > IRQ5 


Reserved (Must be 0) 


Figure 39. Interrupt Priority Register 
(F9H: Write Only) 


A ZILA 


R250 IRQ 


[57] be] 05] pa] 03} v2} or] oo} 


IRQO = P32 Input (DO = IRQO) 
IRQ1 = P33 Input 

IRQ2 = P31 Input 

IRQ3 = P30 Input, Serial Input 
IRQ4=TO Serial Output 
IRQ5 =T1 


Reserved (Must be 0) 


Figure 40. Interrupt Request Register 
(FAH: Read/Write) 


R251 IMR 
er] oe] oe] oe] os] oe] >To 


—_> 


Enables IRQ5-IRQO 
(Do = IRQO) 


Enables RAM Protect 
Enables Interrupts 


— eek 


Figure 41. Interrupt Mask Register 
(FBH: Read/Write) 


R252 FLAGS 
[pz] 06] 05 ]o4|n9| 02] 01 [o| 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 


iz 


Carry Flag 


Figure 42. Flag Register 
(FCH: Read/Write) 


Z86E21 
MCU with 8K OTP 


R253 RP 


197] os} ps} 04] 03] 02] 01] Do 


O Reserved (Must be 0) 
r4 


Ir 


Register Pointer 


Figure 43. Register Pointer Register 
(FDH: Read/Write) 


R254 SPH 
[o7] pe] bs} 4] pa] o2] 01} bo] 


Byte (SP15- SPs) 


Figure 44. Stack Pointer Register 
(FEH: Read/Write) 


R255 SPL 


BRS SECEe 


| 


Stack Pointer Lower 
Byte (SP7 - SPo) 


Figure 45. Stack Pointer Register 
(FFH: Read/Write) 
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pc CHARACTERISTICS 
Supply Current 






loc (mA) 







40 


Frequency (MHz) 


A- Vcc = 5.6V 
B - Vcc = 5.0V 
C - Vcc = 4.4V 





Figure 46. Typical |. vs Frequency 
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DC CHARACTERISTICS 
Standby Current 


SEPEPESAAERELARARERS 
SSSA RAAASRR ERE 
ERR ERE 
ett TTT TTT tT tt | | |e 
St et 
ERERRERESERREL SEA Ae 
pe} ttt ty ty | peer 
BERRERRREP 22 22 GRERS 
PTT TTT Peery tT Ty 
BREED? ZZ eRe 
ptt beer 
|r i tT ET TE 
[plete bedhidicchnsk dubiikesbeinecinahoitotyiies 


20 
Frequency (MHz) 


1 cc1 (MA) 








10 


















Figure 47. Typical |, vs Frequency 





A 2iLCS 
INSTRUCTION SET NOTATION 
Addressing Modes. The following notation is used to 


describe the addressing modes and instruction opera- 
tions as shown in the instruction Summary. 


Symbol Meaning 

IRR Indirect register pair or indirect working 
register pair address 

Irr Indirect working register pair only 

X Indexed address 

DA Direct address 

RA Relative address 

IM Immediate 

R Register or working register address 

a Working register address only 

IR Indirect register or indirect 
working register address 

lr Indirect working register address only 

RR Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol Meaning 

dst Destination location or contents 

SIC Source location or contents 

CC Condition Code 

@ Indirect address prefix 

SP Stack Pointer 

PC Program Counter 

FLAGS Flag Register (Control Register 252) 
RP Register Pointer (R253) 

IMR Interrupt Mask Register (R251) 
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Flags. Control register (R252) contains the following six 


flags: 


Symbol 


TU<OANYQO 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


mh 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 


A 2iLAS 
CONDITION CODES 


Value 


1000 
0111 
11114 
0110 
1110 


1101 
0101 
0100 
1100 
0110 


1110 
1001 
0001 
1010 
0010 


1411 
0111 
1011 
0011 
0000 


Mnemonic 


C 
NC 
Z 
NZ 


PL 
MI 
OV 
NOV 
EQ 
NE 
GE 
LT 
GT 
LE 


UGE 
ULT 
UGT 
ULE 
F 


Meaning 


Always True 
Carry 

No Carry 
Zero 

Not Zero 


Plus 

Minus 
Overflow 

No Overflow 
Equal 


Not Equal 

Greater Than or Equal 
Less than 

Greater Than 

Less Than or Equal 


Unsigned Greater Than or Equal 
Unsigned Less Than 

Unsigned Greater Than 
Unsigned Less Than or Equal 
Never True (Always False) 


Z86E21 
MCU with 8K OTP 


=-—-— ©O -— += © OO uu 


R (S XOR V)] 


0 
(S XOR V)] = 1 
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INSTRUCTION FORMATS 


CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 


One-Byte Instructions 


OPC CLR, CPL, DA, DEC, 


on [1110 Soe aoe 
RR, RRC, SRA, SWAP 
OPC JP, CALL (Indirect) 
| dst, = JoR| 1110] dst __ 
VALUE 
OPC | MODE | ADC, ADD, AND, CP, 
rast | sre OR, SBC, SUB, TCM, 
TM, XOR 
| MODE | OPC LD, LDE, LDEI, 
Une, LD 
oR | 1110 
VALUE 
dstCC | OPC DJNZ, JR 
FFH STOP/HALT 
6FH | 7FH 


Two-Byte Instructions 


opc | MODE | ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
OR| 1110 





|_ste_| TCM, TM, XOR 
on brto| a 
ADG, ADD, AND, CP, 
on [rio] a] SOR se SH 
LD 
on [Tre oe 
cabana) aa 
LD 
JP 
OPC CALL 
DAU 
DAL 


Three-Byte Instructions 





INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol 
“<<”. For example: 


dst — dst + src 


indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 
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notation “addr (n)” is used to refer to bit (n) of a given 
operand location. For example: 


dst (7) 


refers to bit 7 of the destination operand. 


SY ZILA 





INSTRUCTION SUMMARY 


instruction 
and Operation 


ADC dst, src 
dst—dst + src +C 


ADD dst, src 
dstdst + src 


AND dst, src 
dstedst AND src 


CALL dst 
SP<-SP —2 
@SP—PC, 
PC<dst 


CCF 
C—NOT C 


CLR dst 
dst0 


COM dst 
dsteNOT dst 


CP dst, src 
dst — src 


DA dst 
dst—DA dst 


DEC dst 
dste—dst — 1 


DECW dst 
dstedst — 1 


DI 
IMR(7)e-0 


DJNZr, dst 
rer —1 

ifr #0 
PC<PC + dst 
Range: +127, 
—128 


El 
IMR(7)e—1 


HALT 


Address Opcode 


Mode Byte 
dst src (Hex) 
t 1 ] 
1 Of | 
T OL | 
DA D6 
IRR D4 
EF 
R BO 
IR B1 
R 60 
IR 61 
t Al ] 
R 40 
IR 44 
R 00 
IR 01 
RR 80 
IR 81 
8F 
RA rA 
r=0-F 
OF 
7F 


Flags Affected 
C ZS VOD 


kk kK & 0 


Instruction 
and Operation 


INC dst 
dst—dst + 1 


INCW dst 
dste—dst + 1 


IRET 
FLAGS-@SP: 
SPSP +1 
PC~@SP: 
SPESP +2: 
IMR(7)-1 


JP cc, dst 
if cc is true, 
PC<—dst 


JR cc, dst 

if cc is true, 
PC<PC + dst 
Range: +127, 
—128 


LD dst, src 
dste—src 


LDC dst, src 
dstesrc 


LDCI dst, src 
dst«—src 
fe—r+1: 
rer +1 


Address Opcode 
Mode Byte 
dst src (Hex) 


f rE 
(=0-F 

R 20 

IR 21 


RR A0 
iR Al 


BF 


DA cD 
c=0-F 
IRR 30 


RA cB 
c=0-F 


me] 
=~ 
~~ 
CO 


Sos i ee ae 
= 
m 
on 


lr Ir C83 


Z86E21 
MCU witH 8K OTP 


Flags Affected 
C ZS VD 


- oR RK KK - 


7-41 





A 2iLAS 


INSTRUCTION SUMMARY (Continued) 


Address Opcode 


Instruction Mode 
and Operation dst sre 
NOP 
OR dst, src | T 
dstedst OR src 
POP dst R 
dste-@SP; IR 
SP<SP +1 
PUSH src R 
SP<—SP — 1: IR 
@SPesrec 
RCF 
C0 
RET 
PC<@SP; 
SP<SP + 2 
RL dst R 
IR 
7} 
RLC dst R 
IR 
Loj7 oe 
RR dst R 
IR 
L7H 
RRC dst R 
IR 
L-fo}-[7_oH 
SBC dst, src i 
dstedste—srce—_C 
SCF 
C1 
SRA dst R 
IR 
7} 9 
k= 
SRP dst Im 
RPesre 


N“ 
1 


42 


Byte 
(Hex) 


FF 
4[ ] 


90 
o1 


70 
“1 


CF 


AF 


90 
91 


10 
11 


EO 
ET 


CO 
C1 


3 | 


DF 


DO 


31 


Flags Affected 


C 


Z 


a 


S 


*K 


V 


0 


DH 


Instruction 


and Operation 


STOP 


SUB dst, src 
dstedstesrec 


SWAP dst 
; 


Ca) aa) 


TCM dst, src 
(NOT dst) 
AND src 


TM dst, sre 
dst AND src 


XOR dst, src 
dstdst 
XOR src 


Address Opcode 


Mode Byte 

dst src (Hex) 
6F 
t al | 
R FO 
IR F4 
t 6[ ] 
t 7 J 

Tt BI ] 


Z86E21 
MCU witH 8K OTP 


Flags Affected 
CZSVODH 


1 
[ 


| 


t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a ‘[ ]’ 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 


For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 


Address Mode 
dst src 

r r 

r Ir 

R R 

R IR 

R IM 

IR IM 


[2] 
[3] 


[4] 


[S] 


[6] 
[7] 


Lower 
Opcode Nibble 


A 2iLAS 
OPCODE MAP 


Upper Nibble (Hex) 


10.5 
ADD 
IR2, R14 
10.5 
ADC 
IR2, R14 
10.5 
SUB 
IR2, R14 
10.5 
SBC | 
IR2, R1 
10.5 


6.5 6.5 6.5 6.5 10.5 

0 DEC DEC ADD | ADD | ADD 
R1 mS _ i R2,R1 

65 10.5 

hea ADC | ADC 
ie ee ri, Ir2 | R2, R14 

6.5 10:5 

SUB | SUB 

r1,Ir2 | R2, R41 

; ‘ : 6.5 10.5 
3 JP SRP SBC SBC | SBC 
IRR1 IM r1, 12 

8.5 8.5 6.5 6.5 10.5 
gE 
R1 IR1 ri,r2 | r1, Ir2 | R2, R1 

10.5 10.5 6.5 10:5 

AND AND | AND 


5 | PoP | PoP 
10.5 


IR1 
COM ca TCM 
IR1 r1,r2 | ri, tr2 | R2, R1 


Ri 
10/12.1)12/14.1} 65 6.5 10.5 
7 PUSH | PUSH | TM ™ ™ 
R2 IR2 r1,r2 | rt, tr2 | R2, R1 


1 |rRic ae 


a 
2 INC 


ne aie 


ri,r2 


IR2, R14 
10:5 
AND 

IR2, R4 
10.5 
TCM 

IR2, R14 
10.5 


6 COM 


IR2, R1 


10:5 10.5 12.0 18.0 
| se lee} | | | 
RR1 IR1— fer, rr f irt, Irr2 
lee, | 
9 RL RL LDE LDEI 
IR4_fr2, Ire | Ur2, Irv 
10.5 | 105 | 65 10.5 
INCW | INCW | CP CP CP 
RR1 IR1 ri,r2 | r1, Ir2 | R2, R1 J IR2, R14 
CLR XOR {| XOR | XOR XOR 
IR1 ri,r2_ } rt, Ir2 | R2, R1 | IR2, R41 
12.0 18.0 
=ls[[s) 01 [3 
IR1 rd, Irr2 flr, Irr2 
12.0 18.0 20.0 20.0 
SRE el 
IR1 rd, Ire jlrd, irra} IRR1 
i. ve 


IR2, R14 
10.5 


6.5 10.5 
IEE 
fe ri, IR2 | R2, R14 
8.5 8.5 
eee EET 
R1 IR4 Ir, r2 


R2, |R1 


10.5 
ADD 
R1, 1M 
10.5 
ADC 
R1, 1M 
10.5 
SUB 
R1, 1M 
10.5 
SBC | 
R1, 1M 
10.5 


R1, IM 
10.5 
AND ]| 
R1, 1M 
10.5 
TCM 
R1, 1M 
10.5 


R1, IM 


" v 


Bytes per Instruction 
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Lower Nibbie (Hex) 


A B Cc D E F 


10.5 
ADD 
IR1, IM 
10.5 
ADC 
IR1, IM 
10.5 
SUB 
IR1, IM 
10.5 
SBC | 
IR1, IM 
10.5 


12/10.5 112/10.0] 6.5 12.10.0 
INC 
r1, R2 | r2,R1 | r1,RA fcc, RA 


r1,IM |cc,DA 


IR1, IM 
10.5 
AND 

IR1, IM 
10.5 
TCM 

IR1, IM 
10.5 


IR1, IM 


6.4 
DI 
6.1 
EI 


CP CP 
R1, IM }IR1, IM 
XOR | XOR 
R1, IMjIR1, IM 


co 


r1,x,R2 
ie. 


r2,x,R1 
a 


aa IM 


neatlee Legend: 
ciate R = 8-bit Address 
, Nibble 
Execution Pipeline r = 4-bit Address 
Cycles | Cycles R1 or r1 = Dst Address 
4 R2 or r2 = Src Address 
Upper 10:5 ; 
Opcode ——eA] CP Mnemonic Sequence: 
Nibble R1, R2 Opcode, First Operand, 
Second Operand 
First Second Note: Blank areas not defined. 
Operand Operand 


*2-byte instruction appears as 
a 3-byte instruction 
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PACKAGE INFORMATION 









MILLIMETER 





2.070 






100 TYP 


Lm) 
~N 
an 





CONTROLLING DIMENSIONS « INCH 


40-Pin DIP Package Diagram 








Al 








0.662051 
‘0267.020 
“ea 
BS 
046/042 a 
oO 
=o 
ra 
id 
xO 
—_— 
Aaa 
- 
R 0457.025 
ee | 168 | 390 | 
1, CONTROLLING DIMENSIONS : INCH 
2 LEADS ARE COPLANAR WITHIN .004 IN. | aos | us| 
3. DIMENSION « _MM_ | 6e5_| 695 _| 
sii | 650 | 656 | 
050 TYP 





127 TYP 


44-Pin PLCC Package Diagram 
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HD 
A2 
Al 
D L 
pc Gas | a 
as | 
—T | 
a | 
a | a 
TI E HE 
as | ae 
Ld 
aan) 
{._f 
44 Cm 
< 
0°-12° 
lb 
NOTES: nt HL 
1, CONTROLLING DIMENSIONS +: MILLIMETER 
2, LEAD COPLANARITY + MAX 10M a2 |2.00 | 225 | 078 | 089 | 
04 | oas-} 04s | 00 | 018 
cf 013 | 020 | 005 | 008 
ao [ 1370 | 1430 | 539 | _s63_ 
p90 | 1010 | 390 | 398 
we | 1a70 | 1420 | 539 | 563 
me [3.90 | 1010 | 390 | 298 | 
e [080 tre |. os trp | 





re | oso [ 120 | wee | 047 


44-Pin QFP Package Diagram 
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Z86E21 

12 MHz 

40-Pin DIP 44-Pin PLCC 44-Pin QFP 
Z86E2112PSC Z86E2112VSC Z86E2112FSC 
16 MHz 

40-Pin DIP 44-Pin PLCC 44-Pin QFP 


Z86E2116PSC Z86E2116VSC Z86E2116FSC 
For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 


Package 
P = Plastic DIP 
V = Plastic Chip Carrier 


Longer Lead Time 
F = Plastic Quad Flat Pack 


Temperature 
S = 0°C to +70°C 


Speed 
12 = 12 MHz 
16 = 16 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 86E21 12P S$ C is an Z86E21, 12 MHz, DIP O°C to +70°C, Plastic Standard Flow 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 


| 
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Z86E21 CMOS Z8° 
8K OTP Microcontroller 


286661/62/96 CMOS Z8° 
Microcontroller 


Z86C63/64 32K ROM Z8°® 
CMOS Microcontroller 


Z86C91 CMOS Z8° 
ROMless Microcontroller 


Z86C693 CMOS Z8° Multiply/ 
Divide Microcontroller 


Support Products 


Superintegration™ 
Products Guide 


Zilog's Literature Guide 
Ordering Information 
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FEATURES 
m 8-Bit CMOS Microcontroller 


m 40-Pin DIP, 44-Pin PLCC, 64-Pin DIP, or 
68-Pin PLCC Package 


m 32 Input/Output Lines (Z86C61 Only) 

g 52 Input/Output Lines (Z86C62 and Z86C96) 
m 3.0V to 5.5V Operating Range 

m Low Power Consumption - 200 mW (max) 

m Fast Instruction Pointer - 0.75 us @ 16 MHz 
m Two Standby Modes - STOP and HALT 

m Full-Duplex UART 


m@ All Digital Inouts are TTL Levels 


GENERAL DESCRIPTION 


The Z86C61/62/96 microcontroller introduces a new level 
of sophistication to single-chip architecture. The Z86C61/ 
62 is amember of the Z8 single-chip microcontroller family 
with 16 Kbytes of ROM and 256 bytes of RAM. The Z86C96 
is the ROMless version. 


The Z86C61 is housed in a 40-pin DIP, and a 44-pin PLCC 
package, and is manufactured in CMOS technology. The 
ROMiess pin option is available on the 44-pin version only. 
The Z86C62/96 is housed in a 64-pin DIP, and a 68-pin 
PLCC. Both versions of the Z86C62 have the ROMless pin 
option, which allows both external memory and 
preprogrammed ROM, enabling this Z8 microcontroller to 
be used in high-volume applications or where code flex- 
ibility is required. 


Zilog’s CMOS microcontroller offers fast execution, more 
efficient use of memory, more sophisticated interrupts, 
input/output bit manipulation capabilities, and easy hard- 


PRODUCT SPECIFICATION 


286061/62/96 


CMOS Z8® 
MICROCONTROLLER 


m Auto Latches 

m RAM and ROM Protect 
m 16 Kbytes of ROM 

mM 256 Bytes of RAM 


m Two Programmable 8-Bit Counter/Timers, 
Each with 6-Bit Programmable Prescaler 


m= Six Vectored, Priority Interrupts from Eight 
Different Sources 


m Clock Speeds 16 and 20 MHz 


m On-Chip Oscillator that Accepts a Crystal, 
Ceramic Resonator, LC, or External Clock Drive 


ware/software system expansion along with low cost and 
low power consumption. 


The Z86C6 1/62/96 architecture is characterized by Zilog’s 
8-bit microcontroller core. The device offers a flexible I/O 
scheme, an efficientregister and address space structure, 
multiplexed capabilities between address/data, I/O, anda 
number of ancillary features that are useful in many indus- 
trial and advanced scientific applications. 


For applications which demand powerful I/O capabilities, 
the Z86C61 fulfills this with 32 pins dedicated to input and 
output. These lines are grouped into four ports with eight 
lines each. The Z86C62/96 has 52 pins for input and 
output, and these lines are grouped into six, 8-bit ports and 
one 4-bit port. Each port is configurable under software 
control to provide timing, status signals, serial or parallel 
\/O with or without handshake, and an address/data bus 
for interfacing external memory. 
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GENERAL DESCRIPTION (Continued) 


There are three basic address spaces available to support 
this wide range of configurations: Program Memory, Data 
Memory, and 236 General-Purpose Registers. 


To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu- 
nication, the Z86C61/62/96 offers two on-chip counter/ 
timers with a large number of user selectable modes, and 
an asynchronous receiver/transmitter (UART) (Figures 1, 
2, and 3). 


Output Input Vcc 


UART 


Counter/ 
Timers 


(2) 










Register 
Pointer 
Interrupt 
Contio! Register File 
256 x 8-Bit 


(Bit Programmable) 


GND 


_ 


YY 


/O . Address or I/O 
(Nibble Programmable) 


Notes: 
All Signals with a preceding front slash, "/", are active Low, e.g., 
B/W (WORD is active Low); /B/W (BYTE is active Low, only). 


Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Voc Vop 
Ground GND V5 


XTAL /AS /DS R//W /RESET 





Machine Timing and 
Instruction Control 


Prg. Memory 
16,384 
x 8-Bit 
Program 
; Counter 


Port 1 


' 


Address/Data or I/O 
(Byte Programmable) 





















Figure 1. Z86C61 Functional Block Diagram 
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Output Input Vcc GND XTAL /AS /DS R//W /RESET 


1 






Port 3 Machine Timing and 


Instruction Control 






UART 


Program 
| Memory 
16,384 x 8-Bit 


Program 
Counter 


Counter/ 
Timers (2) 









Register 


Pointer 
Register File t 
256 x 8-Bit 









Interrupt 
Control 






nana eee /O Address or I/O Address/Data or I/O 


VO (Bit Programmable) (Nibble Programmable) (Byte Programmable) 
(Bit Programmable) 


a ee 


Figure 2. Z86C62 Functional Block Diagram 
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GENERAL DESCRIPTION (Continued) 


Output input Vcc GND XTAL /AS /DS R//W /RESET 


! 








Machine Timing and 
instruction Controi 





| pots 





ff 


UART 
Counter/ 
Timers (2) 
Interrupt 

Control 





Register 
Pointer 


Register File i 
256 x 8-Bit 





Program 
Counter 






a es 


Address or I/O Address/Data or I/O 
(Nibble Programmable) (Byte Programmable) 





(Bit Programmable) 





Z-BUS When Used 
As Address/Data Bus 


Figure 3. Z86C96 Functional Block Diagram 
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PIN DESCRIPTION 


VCC 
XTAL2 
XTAL1 

P37 
P30 
/RESET 
R/W 
/DS 
/AS 
P35 
GND 
P32 
P00 
Pot 
P02 
P03 
P04 
P05 
P06 
P07 


—h, 


oO ON ODO OT fF DW ND 


: Z86C61 


IND mt ak 
oO ON OO fF WO NY = 


DIP 





P36 
P31 
P27 
P26 
P25 
P24 
P23 
p22 
P21 
P20 
P33 
P34 
P17 
P16 
P15 
P14 
P13 
P12 
P14 
P10 


Figure 4. Z86C61 40-Pin DIP 


Pin Assignments 


Table 1. Z86C61 40-Pin DIP Pin Identification 


Pin# Symbol 
1 Vig 

2 XTAL2 

3 XTAL1 

4 P37 

5 P30 

6 /RESET 
vi R//W 

8 /DS 

9 [AS 

10 P35 

14 GND 

12 P32 
13-20 PO7-PO0 
21-28 P17-P10 
29 P34 

30 P33 
31-38 P27-P20 
39 P31 

40 P36 


Function 


Power Supply 


Crystal, Oscillator Clock 
Crystal, Oscillator Clock 


Port 3, Pin 7 
Port 3, Pin O 


Reset 
Read/Write 
Data Strobe 


Address Strobe 


Port 3, Pin 5 


Ground 
Port 3, Pin 2 


Direction 


Input 
Output 
Input 
Output 
Input 


Input 

Output 
Output 
Output 
Output 


Input 
Input 


Port 0, Pins 0,1,2,3,4,5,6, 7 In/Output 
Port 1, Pins 0,1,2,3,4,5,6,7 In/Output 


Port 3, Pin 4 Output 
Port 3, Pin 3 Input 
Port 2, Pins 0,1,2,3,4,5,6,7 In/Output 
Port 3, Pin 1 Input 
Port 3, Pin 6 Output 
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Pin # Symbol 


“~OONOD! ORwWNh— 


14-16 POQ2-PO0 _ Port O, Pins 0,1,2 


8-6 


Voc 
XTAL2 
XTAL1 
P37 
P30 


N/C 
/RESET 
R//W 
/DS 
[AS 


P35 
GND 
P32 


/RESET 


Z86C61 
PLCC 





Figure 5. Z86C61 44-Pin PLCC Pin Assignments 


Table 2. Z86C61 44-Pin PLCC Pin Identification 


Function Direction 
Power Supply Input 
Crystal, Oscillator Clock Output 
Crystal, Oscillator Clock Input 
Port 3, Pin 7 Output 
Port 3, Pin O Input 
Not Connected Input 
Reset Input 
Read/Write Output 
Data Strobe Output 
Address Strobe Output 
Port 3, Pin 5 Output 
Ground Input 
Port 3, Pin 2 Input 
In/Output 


Pin # 


Te 
18-22 
23-27 
28 


Symbol 


R//RL 
PO7-PO3 
P14-P10 
N/C 


P17-P15 
P34 
P33 
P24-P20 


N/C 
P25-P27 
P31 
P36 


286C61/62/96 


Z8® MICROCONTROLLER 

N/C 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 
Function Direction 
ROM/ROMIless control Input 
Port 0, Pins 3,4,5,6,7 In/Output 
Port 1, Pins 0,1,2,3,4 In/Output 
Not Connected : Input 
Port 1, Pins 5,6,7 In/Output 
Port 3, Pin 4 Output 
Port 3, Pin 3 Input 
Port 2, Pins 0,1,2,3,4 In/Output 
Not Connected Input 
Port 2, Pins 5,6,7 In/Output 
Port 3, Pin 1 Input 
Port 3, Pin 6 Output 
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P44 
VCC 
P45 
XTAL2 
XTAL1 
P37 
P30 
N/C 
/RESET 
R/W 
/DS 
P46 
P47 
/AS 
P35 
PV/RL 
GND 
P32 
P50 
P51 
POO 
Pot 
P02 
P03 
P04 
P05 
P06 
P07 
VCC 
P52 
P53 
P54 


Figure 6. Z86C62 64-Pin DIP Pin Assignments 


oO ON DOO FP WO NP — 


Z86C62 
DIP 





P43 
p42 
P36 
P31 
P41 
P40 


| P27 


P26 
P25 
P24 
P23 
P22 
P60 
P61 
P21 
P20 
GND 
P33 
P34 
P62 
P63 
P17 


| P16 
| P15 


P14 
P13 
P12 
P57 
P56 
P11 

P10 
P55 


Table 3. Z86C62 64-Pin DIP Pin Identification 


Pin # Symbol 

1 P44 

2 Voc 

3 P45 

4 XTAL2 

5 XTAL1 

6 P37 

7 P30 

8 N/C 

9 /RESET 
10 R//W 

11 /DS 
12-13 P47-P46 
14 [AS 

15 PSS 

16 R//RL 

17 GND 

18 P32 
19-20 P51-P50 
21-28 PO0O7-P00 
29 Vee 
30-33  P52-P55 
34-35 P11-P10 
36-37 P57-P56 
38-43 P17-P12 
44-45 P63-P62 
AG P34 

47 P33 

48 GND 
49-50 = P21-P20 
51-52 P61-P60 
53-58  P27-P22 
59-60 P41-P40 
61 P3il 

62 P36 

63 P42 

64 P43 


Function 


Port 4, Pin 4 

Power Supply 

Port 4, Pin 5 

Crystal, Oscillator Clock 
Crystal, Oscillator Clock 


Port 3, Pin 7 
Port 3, Pin O 
Not Connected 
Reset 
Read/Write 


Data Strobe 
Port 4, Pin 6,7 
Adaress Strobe 
Port 8, Pin 5 


ROM/ROMI|ess control 
Ground 

Port 3, Pin 2 

Port 5, Pin 0,1 


Port O, Pins 0,1,2,3,4,5,6,7 


Power Supply 

Port 5, Pins 2,3,4,5 
Port 1, Pins 0,1 
Port 5, Pins 6,7 


Port 1, Pins 2,3,4,5,6,7 
Port 6, Pins 3,2 

Port 3, Pin 4 

Port 3, Pin 3 

Ground 


Port 2, Pins 0,1 
Port 6, Pins 1,0 
Port 2, Pins 2,3,4,5,6,7 
Port 4, Pins 0,1 


Port 3, Pin 1 
Port 3, Pin 6 
Port 4, Pin 2 
Port 4, Pin 3 


Direction 


In/Output 
Input 
In/Output 
Output 
Input 


Output 
Input 
Input 
input 
Output 


Output 
In/Output 
Output 
Output 


Input 
Input 
Input 
In/Output 


In/Output 
Input 

In/Output 
In/Output 
In/Output 


In/Output 
In/Output 
Output 
Input 
Input 


In/Output 
In/Output 
In/Output 
In/Output 


Input 
Output 
In/Output 
In/Output 
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| g So A Y Y & Ow. oY GDA AK OA © 
CPE PK KYL Pe gH GP Gr Me PV VV LV 


9 8 7 6 5 4 3 2 68 67 66 65 64 63 62 61 


R//W P24 
/PODS P23 
/DS P22 
P46 P60 
P47 P61 
/P1DS P21 
/AS P20 
/DTimers Z86C62 SCLK 
P35 PLCC /SYNC 
R//RL GND 
GND P33 
P32 P34 
P50 P62 
P51 P63 
POO P17 
PO1 P16 
P02 P15 


| 44 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 





SK HG A OW © M6 DR © A GV © 
SP PELE " GF 2 SOC ENS S 


Figure 7. 286C62 68-Pin PLCC Pin Assignments 
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Table 4. Z86C62 68-Pin PLCC Pin Identification 

Pin# Symbol Function Direction Pin# Symbol Function Direction 
1-2 P44-P43 Port 4, Pins 3,4 In/Output 24-31 PO7-POO Port 0, Pins 0,1,2,3,4,5,6,7 In/Output 
3 Veg Power Supply Input 32 Vie Power Supply Input 
4 P45 Port 4, Pin 5 In/Output 33-36 P55-P52 Port 5, Pins 2,3,4,5 In/Output 
5 XTAL2 Crystal, Oscillator Clock Output 37-38 P11-P10 Port 1, Pins 0,1 In/Output 
6 XTAL1 Crystal, Oscillator Clock Input ; 

39-40 P56-P57 Port 5, Pins 6,7 In/Output 
7 P37 Port 3, Pin 7 Output 41-46 P17-P12 Port 1, Pins 2,3,4,5,6,7 In/Output 
8 P30 Port 3, Pin O Input 47-48 P63-P62 Port 6, Pins 3,2 In/Output 
9 /RESET Reset Input 49 P34 Port 3, Pin 4 Output 
10 R//W Read/Write Output 50 P33 Port 3, Pin 3 Input 
11 /PODS Port O Data Strobe Output = GND Giaana noe 
12 /DS Data Strobe Output 52 ISYNC Synchronization Output 
13-14 P47-P46 Port 4, Pins 6,7 In/Output 53 SCLK system Clock Output 
15 /P1DS Port 1, Data Strobe Output 54-55 P21-P20 Port 2, Pins 0,1 In/Output 
16 IAS Address Strobe Output 56-57 P60-P61_ Port 6, Pins 1,0 In/Output 
Ra es npn 58-63 P27-P22 Port2,Pins 2,3,4,5.6,7_ In/Output 
18 P35 Port 3, Pin 5 Output 64-65 P41-P40 Port 4, Pins 0,1 In/Output 
19 R//RL ROM/ROMless control — Input 66 P31 Port 3, Pin 1 Input 
20 GND Ground Input 67 P36 Port 3, Pin 6 Output 
21 P32 Port 3, Pin 2 Input 68 P42 Port 4, Pin 2 In/Output 
22-23 P51-P50 Port 5, Pins 0,1 In/Output 
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PIN DESCRIPTION (Continued) 


P44 
VCC 
P45 
XTAL2 
XTAL1 
P37 
P30 
NC 


/RESET 


Figure 8. Z86C96 64-Pin DIP Pin Assignments 


R//W 
/DS 
P46 
P47 
/AS 
P35 
N/C 

GND 
P32 
P50 
P51 
POO 
P01 
P02 
P03 
P04 
P05 
PO6 
P07 

VCC 
P52 
P53 
P54 


Oo On Oa fF WD HH — 


Z86C96 


DIP 





P43 
P42 
P36 
P31 
P41 
P40 
P27 
P26 
P25 
P24 
P23 
P22 
P60 
P61 
P21 
P20 
GND 
P33 
P34 
P62 
P63 
P17 
P16 
P15 
P14 
P13 
P12 
P57 
P56 
Pi 
P10 
P55 


Table 5. Z86C96 64-Pin DIP Pin Identification 


Pin # 


=~ OONO| OBRWND 


—k 
—ki 


Symbol 


P44 
Ven 
P45 
XTAL2 
XTALI 


P37 
P30 
N/C 
/RESET 
R/W 


/DS 
P47-P46 
[AS 
P35 
N/C 


GND 
P32 
P51-P50 
PO7-POO 
V 


CC 


P55-P52 
P11-P10 
P56-P5/ 
P17-P12 
P63-P62 


P34 

P33 
GND 
P21-P20 
P61-P60 


P27-P22 
P41-P40 
P31 
P36 
P42 
P43 


Function 


Port 4, Pin 4 

Power Supply 

Port 4, Pin 5 

Crystal, Oscillator Clock 
Crystal, Oscillator Clock 


Port 3, Pin 7 
Port 3, Pin O 
Not Connected 
Reset 
Read/Write 


Data Strobe 
Port 4, Pins 6,7 
Adaress Strobe 
Port 3, Pin 5 
Not Connected 


Ground 
Port 3, Pin 2 
Port 5, Pins O,1 


Port 0, Pins 0,1,2,3,4,5,6,7 


Power Supply 


Port 5, Pins 2,3,4,5 
Port 1, Pins 0,1 

Port 5, Pins 6,7 

Port 1, Pins 2,3,4,5,6,7 
Port 6, Pins 3,2 


Port 3, Pin 4 
Port 3, Pin 3 
Ground 

Port 2, Pins 0,1 
Port 6, Pins 1,0 


Port 2, Pins 2,3,4,5,6,7 
Port 4, Pins 0,1 

Port 3, Pin 1 

Port 3, Pin 6 

Port 4, Pin 2 

Port 4, Pin 3 


Direction 


In/Output 
Input 
In/Output 
Output 
Input 


Output 
Input 
Input 
Input 
Output 


Output 
In/Output 
Output 
Output 
Input 


Input 
Input 
In/Output 
In/Output 
Input 


In/Output 
In/Output 
In/Output 
In/Output 
In/Output 


Output 
Input 
Input 
In/Output 
In/Output 


In/Output 
In/Output 
Input | 
Output 
In/Output 
In/Output 





Q ZiLas 28° MicnocoNTROLLER 
9 8 765 4 3 2 68 67 66 65 64 63 62 61 

R//W P24 
/PODS P23 
/DS P22 
P46 P60 
P47 P61 
/P1iDS P21 
/AS P20 
/DTimers 786C96 SCLK 

P35 PLCC /ISYNC 
N/C GND 
GND P33 
P32 P34 
P50 P62 
P51 P63 
POO P17 
PO1 P16 
P02 P15 


27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 





Figure 9. Z86C96 68-Pin PLCC Pin Assignments 
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PIN DESCRIPTION (Continued) 
Table 6. Z86C96 68-Pin PLCC Pin identification 

Pin# Symbol Function Direction Pin# Symbol Function Direction 
1-2 P44-P43 Port 4, Pins 3,4 In/Output 24-31 PO7-POO Port 0, Pins 0,1,2,3,4,5,6,7 In/Output 
3 Veg Power Supply Input 32 Ve Power Supply Input 
4 P45 Port 4, Pin 5 In/Output 33-36 P55-P52 Port 5, Pins 2,3,4,5 ~ In/Output 
5 XTAL2 Crystal, Oscillator Clock Output 37-38 P11-P10 Port 1, Pins 0,1 In/Output 
6 XTAL1 Crystal, Oscillator Clock Input 39-40 P57-P56 Port 5, Pins 6,7 In/Output 
7 P37 Port 3, Pin 7 Output 41-46 P17-P12 Port 1, Pins 2,3,4,5,6,7 In/Output 
8 P30 Port 3, Pin O Input 47-48 P63-P62 Port 6, Pins 3,2 In/Output 
9 /RESET _ Reset . Input 49 P34 Port 3, Pin 4 Output 
10 R/W Read/Write Output 50 P33 Port 3, Pin 3 Input 
11 /PODS Port 0 Data Strobe Output 51 GND Ground Input 
12 /DS Data Strobe Output 52 ISYNC — Synchronization Output 
13-14 P47-P46 Port 4, Pins 6,7 In/Output 53 SCLK System Clock Output 
15 /P1DS Port 1 Data Strobe Output 54-55 P21-P20 Port 2, Pins 0,1 In/Output 
16 /AS Address Strobe Output 56-57 P61-P60 Port 6, Pins1,0 In/Output 
17 /DTIMER Disable Timers Input 58-63 P27-P22 Port 2, Pins 2,3,4,5,6,7 In/Output 
18 Poo Port 3, Pin 5 Output 64-65 P41-P40 Port 4, Pins 0,1 In/Output 
19 N/C Not Connected Input 66 P31 Port 3, Pin 1 Input 
20 GND Ground | Input 67 P36 Port 3, Pin 6 Output 
21 P32 Port 3, Pin 2 Input 68 P42 Port 4, Pin 2 In/Output 
22-23 P51-P50 Port 5, Pins 0,1 In/Output 


PIN FUNCTIONS 


R//RL (input, active Low). This pin when connected to 
GND disables the internal ROM and forces the device to 
function as a Z86C96 ROMless Z8. (Note: when left 
unconnected or pulled High to V,.,, the part functions as a 
normal Z86C61/62 ROM version.) This pin is only available 
on the 44-pin version of the Z86C61, and both versions of 
the Z86CE2. 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


/AS (output, active Low). Address Strobe is pulsed once 
at the beginning of each machine cycle. Address out- 
put is through Port 1 for all external programs. Memory 
address transfers are valid at the trailing edge of /AS. 
Under program control, /AS can be placed in the high- 
impedance state along with Ports O and 1, Data Strobe, 
and Read/Write. 


XTAL1, XTAL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 


R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C61/62/96 is equipped with 
a reset filter of four external clocks (4TpC). If the external 
/RESET signal is less than 4TpC in duration, no reset 
Occurs. 


On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at a rate of ToC/2. When 
/RESET is deactivated, program execution begins at loca- 
tion OOOC (HEX). Reset time must be held Low for 50 ms, 
or until V., is stable, whichever is longer. 
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/PODS Port 0 Data Strobe (output, active Low). Signal used 
to emulate Port O when in ROMless mode. 


/P1DS Port 1 Data Strobe (output, active Low). Signal used 
to emulate Port 1 when in ROMless mode. 


/DTIMERS Disable Timers (input, active Low). All timers 
are stopped by the Low level at this pin. This pin has an 
internal pull up resistor. 


SCLK (output). System clock pin. 


ISYNC /nstruction SYNC Signal (output, active Low). This 
signal indicates the last clock of the current executing 
instruction. 


Port 0 (PO7-PO0). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight I/O lines 
can be configured under software control as a nibble I/O 
port, or as an address port for interfacing external memory. 
When used as an I/O port, Port O may be placed under 
handshake control. In this configuration, Port 3, lines P32 








and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the I/O direction of the upper 
nibble PO7-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 


For external memory references, Port O can provide ad- 
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
lf the address range requires 12 bits or less, the upper 
nibble of Port O can be programmed independently as |/O 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for |/O operation, they must be config- 
ured by writing to the Port O Mode register. 


in ROMless mode, after a hardware reset, Port O lines are 
defined as address lines A15-A8, and extended timing is 
set to accommodate slow memory access. The initializa- 
tion routine includes reconfiguration to eliminate this ex- 
tended timing mode (Figure 10). 


Port 0 (1/0) 


Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 





Auto Latch 


i 


Figure 10. Port 0 Configuration 
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PIN FUNCTIONS (Continued) 


Port 1 (P17-P10). Port 1 is an 8-bit, byte egninable 


bidirectional, TTL compatible port. It has multiplexed Ad- 


dress (A7-AO) and Data (D7-DO) ports. For Z86C61/62/96, 
these eight I/O lines can be programmed as Input or 
Output lines or can be configured under software control 
as an address/data port for interfacing external memory. 
When used as an |/O port, Port 1 may be placed under 
handshake control. In this configuration, Port 3 line P33 
and P34 are used as the handshake controls RDY1 and 
/IDAV1. 


Memory locations greater than 16,384 are referenced | 


through Port 1. To interface external memory, Port 1 must 


be programmed for the multiplexed Address/Data mode. 
if more than 256 external locations are required, Port 0 
must output the additional lines. 


Port 1 can be placed in high-impedance state along with 
Port 0, /AS, /DS, and R/W, allowing the microcontroller to 
share common resources in multiprocessor and DMA 
applications. Data transfers can be controlled by assign- 
ing P33 as a Bus Acknowledge input, and P34 as a Bus 
request output (Figure 11). 


Portti — 
(AD7-ADO) 





OEN 


>e 


Handshake Controls 
/DAV1 and RDY1 
(P33 and P34) 


PAD 


Out peeddened 2 C 


TTL Level Shifter 


In << 


AN 


Auto Latch 


A 


Figure 11. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
I/O lines can be independently programmed as an input 
or output or globally as an open-drain output. Port 2 is 
always available for I/O operation. When used as an I/O 
port, Port 2 may be placed under handshake control. In this 





Open-Drain 


OEN > 
5 


configuration, Port 3 lines P31 and P36 are used as 
the handshake control lines /DAV2 and RDY2. The hand- 
shake signal assignment for Port 3 lines P31 and P36 is 
dictated by the direction (input or output) assigned to P27 
(Figure 12). 


Port 2 (I/O) 


Handshake Controls 
/DAV2 and RDY2 


(P31 and P36) 


PAD 


Ou — : 


TTL Level Shifter 


mene 


AN 
x 


Auto Latch 


Figure 12. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 





Port 3 (P37-P30). Port 3 is an 8-bit, CMOS compatible four- _ P34) output ports. Port 3, when used as serial I/O, are 
fixed input and four-fixed output port. These eight 1/0 programmed as serial in and serial out, respectively 
lines have four-fixed (P33-P30) input and four-fixed (P37- (Figure 13). 


Port 3 
(I/O or Control) 





PAD 
Out 


Port 3 Output Configuration PAD 





Auto Latch 





Petes 
eee 


Port 3 Input Configuration 


Figure 13. Port 3 Configuration 
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OS SILCIS5 

Port 3 can be configured under software control to provide 
the following control functions: handshake for Ports O and 
2 ((DAV and RDY); four external interrupt request signals 





(IRQ3-IRQO); timer input and output signals (T,, and T 
and Data Memory Select (/DM). 


our): 


Table 7. Port 3 Pin Assignments 





Pin /O CTC1 Int. PO HS P1HS P2 HS UART Ext 
P30 IN IRQ3 Serial In 
P31 IN 1, IRQ2 D/R 
P32 IN IRQO D/R 
P33 IN IRQ1 D/R 
P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT Tee R/D 
P37 OUT Serial Out 
TO IRQ4 
T1 IRQ5 
Notes: 


HS = Handshake Signals 
D = Data Available 
R = Ready 


UART OPERATION 


Port 3 lines P30 and P37, can be programmed as serial 
I/O lines for full-duplex serial asynchronous receiver/ 
transmitter operation. The bit rate is controlled by the 
Counter/Timer0. 


ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 


Received data must have a start bit, eight data bits and at 


The Z86C61/62/96 automatically adds a start bit and two 
stop bits to transmitted data (Figure 14). Odd parity is also 
available as an option. Eight data bits are always transmit- 


Transmitted Data (No Parity) 


|sP] sp} 07] ps{ ps] D4} pj ba} D1} bo} sT| 
| L Start Bit 
Eight Data Bits 


Two Stop Bits 


Transmitted Data (With Parity) 


[sp] sp] | D6} ps} D4} D3} D2} D1} Do} st 
| L Start Bit 
Seven Data Bits 


Odd Parity 
Two Stop Bits 


least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 


Note: UART function is only available in stardard timing 
mode (i.e., POIM Dd = 0). 


Received Data (No Parity) 


[P| 07] bs] 05] 04] os] o2] 01] oo] st] 
| L Start Bit 
Eight Data Bits 


One Stop Bit 


Received Data (With Parity) 


[SP] P| D6] ps} p4j ba} b2} D1 bo} sr 
| L Start Bit 
Seven Data Bits 


Parity Error Flag 
One Stop Bit 


Figure 14. Serial Data Formats 
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PIN FUNCTIONS (Continued) 

Port 4 (P47-P40). Port 4 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
\/O lines can be independently programmed as an input or 


output or globally as an open-drain output. Port 4 is always 
available for |/O operation (Figure 15). Port address (F)02. 


Port 5 (P57-P50). Same as Port 4. Port address (F)04. 


28606 1/62/96 
Z8® MICROCONTROLLER 


Port 6 (P63-P60). Same as Port 4. (Note: this is a 4-bit port, 
bits D3-D0.) Port address (F)07. 


Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not being driven by any source. 


Port 4 (I/O) 


Open-Drain 
OEN > -. 
@ @ @ 
PAD 
Out Eo). 0 


TTL Level Shifter 


In <| 


A 


Auto Latch 


A 


Figure 15. Port 4 Configuration 
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FUNCTIONAL DESCRIPTION 
Address Space 


Program Memory. The Z86C61/62 can address up to 48 
Kbytes of external program memory (Figure 16). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. For ROM mode, 
byte 13 to byte 16383 consists of on-chip ROM. At ad- 
dresses 16384 and greater, the Z86C61/62 executes 
external program memory fetches. The Z86C96, and the 
Z86C61/62 in ROMless mode, can address up to 64 
Kbytes of external program memory. Program execution 
begins at external location OOOCH after a reset. 


External 
ROM and RAM 


On-Chip ROM 


Location of 
First Byte of 
Instruction 
Executed 
After RESET 


interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 


(Upper Byte) 





Figure 16. Program Memory Configuration 


Data Memory (/DM). The ROM version can address up to 
48 Kbytes of external data memory space beginning at 
location 16384. The ROMless version can address up to 64 
Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /DM, an optional I/O function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 17). The state of the /DM signal is controlled by the 
type instruction being executed. An LDC opcode refer- 
ences PROGRAM (/DM inactive) memory, and an LDE 
instruction references DATA (/DM active Low) memory. 





65535 
External 
Data 
Memory 
16384 
16383 
Not Addressable 
0 


Figure 17. Data Memory Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 


Register File. The Register File consists of four !/O port 
registers, 236 general-purpose registers and 16 control 


and status registers (Figure 18). There are eight further 


Location 


R255 
R254 
R253 
R252 
R251 
R250 
R249 
R248 
R247 
R246 
R245 
R244 
R243 
R242 
R241 
R240 


R239 


R4 
R3 
R2 
R1 


RO 
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1 


Stack Pointer (Bits 7-0) 
ore reavst Reger | 


Serial I/O 


General-Purpose 
Registers 





Figure 18. Register File 


registers for I/O ports 4, S ana 6 in the Expanded Register 
File (Bank F, R9-R2) (Figure 19). 


Identifiers 
SPL 


SPH 
RP 
FLAGS 
IMR 
IRQ 
IPR 
PO1M 
P3M 
P2M 
PREO 
TO 
PRE1 
T1 
TMR 
siO 


P3 
P2 
PI 


PO 


A ZILA 
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Working Register 
Group Pointer 


%7F 


%0F 
%00 


LE 
a 


REGISTER POINTER 


Lets} st ste: fo) 





Z8 Reg. File 


Expanded Register 
Group Pointer 


= 


Reserved 


Z8 STANDARD CONTROL REGISTERS 


FF 
% FE 
% FD 
% FC 
% FB 
% FA 
% 

> FB 


% SP 


SP 


8] 
m 
@) 
n 
+ 
m 
J 
xrjr 


B) 
5 


FLAGS 

M 

RQ 

P 
PO1M 
P3M 
P2M 
PREO 
TO 
PRE1 


D 


x) 
mn 
© 
aD 


% FT 
% F6 
% F5 
% F4 
% F3 
% F2 
% Fi 


cfc }-fofeolc| 


TMR 
Slo 


o 
Tl 
oO 


J 
° 
4 
—_ 


EXPANDED REG. GROUP (F) 


REGISTER 
| %(F)OE Reserved 
| %(F)OD___ Reserved _| 
% (F) OC Reserved 
| %(F)0B Reserved __ 
| % (FACE 
% (F) 09 P6M 
% (F) 07 P6 
% (F) 06 P45M 


% (F) 05 
% (F) 04 
% (F) 03 
% (F) 02 
% (F) 01 
% (F) 00 


P5D 
P5 
P4D 
P4 


Reserved 


Reserved 


EXPANDED REG. GROUP (0) 


REGISTER 


% (0) 03 P3 
% (0) 02 P2 
% (0) 01 P1 
% (0) 00 PO 
U = Unknown 





RESET CONDITION 
b7] 06] 05] 04] D3] o2| 01) po| 


pufufufofute jou ful 
pufufufufute fu fu) 
fofofofofolo Jo Jo 
pupufufefote fu fu) 
pofufujuyuty fu fu 
pofopotototo fo fo} 
pufufufete fu jul 


















_ 


Lo 
Lo | 
EE 
Ly 


U 









uf ututuf uf ul ufo) 
ttt tt tt 
Bas eeree 


RESET CONDITION 
Donn noOno 
pufutul of ufoful ol 


ufuf uf uf uf uf ufo 
ufufuf ul ufufupe 





t = For Z86C96 (ROMless) Reset condition:"10110110" 


Figure 19. Expanded Register File Architecture 
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FUNCTIONAL DESCRIPTION (Continued) 


The instructions can access registers directly or indirectly 
through an 8-bit address field. The Z86C61/62/96 also 
allows short 4-bit register addressing using the Register 
Pointer (Figure 20). In the 4-bit mode, the Register File is 
divided into 16 working register groups, each occupying 
16 continuous locations. The Register Pointer addresses 
the starting location of the active working-register group. 


R253 RP 


1D? a] ps] D4] pa] oe] 01} bo) 
5 rae... 


Default Setting After Reset = 00000000 


Expanded Register Group 
Working Register Group 


Figure 20. Register Pointer Register 


Expanded Register File. The register file has been ex- 
panded to allow for additional system control registers, 
and for mapping of additional peripheral devices along 
with I/O ports into the register address area. The Z8 
register address space RO through R15 has now been 
implemented as 16 groups of 16 registers per group. 
These register groups are known as the ERF (Expanded 
Register File). Bits 7-4 of Register RP select the working 
register group. Bits 3-0 of Register RP select the expanded 
register group (Figure 21). Eight I/O port registers reside in 
the Expanded Register File at Bank F. The rest of the 
Expanded Register is not physically ympletnonted and is 
open for future expansion. 


The upper nibble of the register pointer (Figure 20) selects 
which group of 16 bytes in the register file, out of the full 
256, will be accessed. The lower nibble selects the ex- 
panded register file bank and in the case of the Z86C61/ 
62/96, only Bank F is implemented. A OH in the lower nibble 
will allow the normal register file to be addressed, but any 
other value from 1H to FH will exchange the lower 16 
registers in favor of an expanded register group of 16 
registers. 


8-22 


For example: 
Z86C61: (See Figures 18 and 19) 


R2 = Port 2 


R253 RP = OOH RO = Port O 
R1 = Port 1 R3 = Port 3 
But If: 
R253 RP = OFH RO = Reserved 


R1 = Reserved 

R2 = Port 4 

R3 = Port 4, Direction Register 
R9 = Port 6, Mode Register 


Further examples: 


SRP #0FH 
LD R2, #10010110 


Set working group O and Bank F 
Load value into Port 4 using 
working register addressing. 
Load value into Port 4 using 
absolute addressing. 

Load value into Port 6 mode. 
set working group 1 and Bank F 
Load value into general purpose 
register 12H 

Load value into general purpose 
register 12H 

Load value into Port 4 


LD 2, #10010110 


LD 9, #11110000 
SRP #1FH 
LD R2, #11010110 


LD 12H, #11010110 
LD 2, #10010110 


RAM Protect. The upper portion of the RAM’s address 
spaces 80FH to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect 
bit option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user can activate from the internal 
ROM code to turn off/on the RAM Protect by loading a bit 
D6 in the IMR register to either a 0 or a 1, respectively. A 
1 in D6 indicates RAM Protect enabled. 


A ZiLAS 
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ROM Protect. The first 16 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
“dumping” of the ROM contents by inhibiting execution of 
LDC, LDCI, LDE, and LDEI instructions by external pro- 
gram memory when pointing to internal memory locations. 
Therefore these instructions can be used only when they 
are executed from internal memory, or if they are executed 
from external memory and pointing to external memory 
locations. 


The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. 





3 re ri 10 R253 


FF 
-->( 7 6 15 14 
FO 


- The upper nibble of the register file address 


provided by the register pointer specifies 
the active working-register group. 
} R15 to RO 


Register Group 7 











Specified Working 
Register Group 


The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 


Register Group 1 R15 to RO 
Register Group 0 R15 to R4 
I/O Ports* R3 to RO 


00 
*Bits D3 to DO are "0" in Register 253. 


Figure 21. Register Pointer 


Stack. The Z86C6 1/62/96 has a 16-bit Stack Pointer (R255- 
R254) used for external stack that resides anywhere in the 
data memory for the ROMless mode, but only from 16384 
to 65535 in the ROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). The high byte of the 
Stack Pointer (SPH-Bit 8-15) can be used as a general 
purpose register when using internal stack only. 


Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro- 
grammable prescaler. The T1 prescaler can be driven by 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 22). 


The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) thathas been loaded into the counter. When both 
the counters and prescaler reach the end of the count, a 
timer interrupt request, IRQ4 (TO) or IRQ5 (11), is gener- 
ated. 


The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter- 
nal signal input through Port 3. The Timer Mode register 
configures the external timer inout (P31) as an external 
clock, a trigger input that can be retriggerable or non- 
retriggerable, or as a gate input for the internal clock. Port 
3, line P36, also serves as a timer output (T,,,) through 
which TO, T1 or the internal clock can be output. The 
counter/timers can be cascaded by connecting the TO 
output to the input of T1. 
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FUNCTIONAL DESCRIPTION (Continued) 





internal Data Bus 






Write 












TO 
Current Value 
Register 


TO 
Initial Value 
Register 







PREO 
Initial Value 
Register 





ie 9 
» O 







6-Bit 8-bit 





















Down Down 
Counter Counter 
Internal IRQ4 
Clock Serial I/O 
Clock 
Tout 
External Clock P36 
Clock 
Logic 
6-Bit 8-Bit IRQS 







Down 
Counter 


Down 
Counter 





Internal Clock 
Gated Clock 
Triggered Clock 














PRE1 
Initial Value 
Register 


T1 
Initial Value 
Register 


T1 
Current Value 
Register 





TIN P31 
Write 


Internal Data Bus 


Figure 22. Counter/Timers Block Diagram 
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Interrupts. The Z86C6 1/62/96 has six different interrupts 
from eight different sources. The interrupts are maskable 
and prioritized. The eight sources are divided as follows: 
four sources are claimed by Port 3 lines P33-P30, one in 
Serial Out, one is Serial In, and two in the counter/timers 
(Figure 23). The Interrupt Mask Register globally or indi- 
vidually enables or disables the six interrupt requests. 
When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con- 
trolled by the Interrupt Priority register. All Z86C61/62/96 
interrupts are vectored through locations in the program 
memory. When an interrupt machine cycle is activated, an 
interrupt request is granted. Thus, this disables all of the 
subsequent interrupts, saves the Program Counter and 
Status Flags, and then branches to the program memory 
vector location reserved for that interrupt. This memory 
location and the next byte contain the 16-bit address of 
the interrupt service routine for that particular interrupt 
request. 





Global 
Interrupt 
Enable 


Interrupt 
Request 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests 
need service. Software initialed interrupts are supported 
by setting the appropriate bit in the Interrupt Request 
Register (IRQ). 


Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction. The interrupt request 
must be valid 5TpC before the falling edge of the last clock 
cycle of the currently executing instruction. 


For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycies are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register onto the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 





IRQO - IRQ5 


Vector Select 


Figure 23. Interrupt Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Clock. The Z86C61/62/96 on-chip oscillator has a high- 


gain, parallel-resonant amplifier for connection to a crys- _ 


tal, LC, ceramic resonator, or any suitable external clock 
source (XTAL1 = Input, XTAL2 = Output). The crystal 
should be AT cut, 1 MHz to 20 MHz max, and series 
resistance (RS) is less than or equal to 100 Ohms. The 


XTAL1 


XTAL2 
C2 





~ Ceramic Resonator 
or Crystal 


LC Clock 


crystal should be connected across XTAL1 and XTAL2 
using the recommended capacitors (10 pF < CL < 100 pF) 
from each pin to device ground (Figure 24). 


Note: Actual capacitor values specified by the crystal 
manufacturer. 


XTAL1 


XTAL1 


XTAL2 XTAL2 


External Clock 


Figure 24. Oscillator Configuration 


HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en- 
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur- 
rent to 5 pA (typical) or less. The STOP mode Is terminated 
by a reset, which causes the processor to restart the 
application program at address OOOCH. 
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In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode=OFFH) immediately before the 
appropriate sleep instruction, |.e., 


FF NOP ; Clear the pipeline 
6F STOP ; enter STOP mode 
or 
FF NOP ; Clear the pipeline 
7F ~~ HALT ; enter HALT mode 


Z86C61/62/96 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Description Min Max Units 
Vie Supply Voltage” -0.3 +/7.0 V 
ere Storage Temp -65 +150 C 
i Oper Ambient Temp tf T 
Notes: 


* Voltages on all pins with respect to GND. 
+ See ordering information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 25). 


Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is notimplied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 


From Output 
Under Test 


150 pF 


Figure 25. Test Load Diagram 
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DC ELECTRICAL CHARACTERISTICS 


Z86C61/62/96 


Sym Parameter 


Max Input Voltage 
Clock Input High Voltage 
Clock Input Low Voltage 


oOo Od 
—- = 


Input High Voltage 
Input Low Voltage 
Output High Voltage 


Pet oe ae 
z+ T = 


Output High Voltage 
Output Low Voltage 
Output Low Voltage 
Reset Input High Voltage 


2 o oOo 9 
a a a 


a  , 


Zz 


Reset Input Low Voltage 
Input Leakage 
Output Leakage 


m— 


oO 
4 


Reset Input Current 
Supply Current 

Supply Current 
Standby Current 
Standby Current 

Auto Latch Low Current 


= a ao” So ives = 
_ a fp] oO ao 
RS ~~ 


Notes: 


[1] Allinputs driven to either OV or V_,, outputs floating. 


[2] Veg = 3.0V to 3.6V 
[3] Veg = 4.5V to 5.5V 
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iT, =0°C 
to +70°C 


Min 


0.85V,. Vip+0.3 
Vee-0:3 08 


2 


2.4 


0.85 Veg Veg + 0.3 


03 02V,, 
2 


—2 
~2 


-14 


Max | 


7 


Veet 03 
Veg 0.3 0.2 Veg 


Veo~ 100 mV 


0.4 
0.6 


2 


-80 
35 
40 
19 
10 
14 


T, =—40°C 
to +105°C 
Min Max 
7 
0.85V,, Vopt+0.3 
Vog— 0.3 0.8 
2 Vict 0.3 
Ve=03. 021. 
2.4 
Veg 100 mV 
0.4 
0.6 
0.85V. Vogt 0.3 
0.3 0.2 Vio 
—2 2 
-2 2 
—80 
35 
40 
15 
20 
—20 20 


Typical 
at 
25°C 


SB532325 &BE<| <<<<| <<</ <<< 


Units 


Conditions 


ly < 200 pA 
Driven by External Clock Generator 
Driven by External Clock Generator 


Ly= 2-0 mA 


lw= 100 pA 
l= 45.0 mA [3] 
l= 44.0 mA [2] 


Viy =0V, Voc 
Vin =0V, Voc 


V,=0V 

[1] @ 16 MHz 
[1] @ 20 MHz 
[1] HALT Mode V, =0V, V,@ 16 MHz 
[1] STOP Mode V,, = 0V, V 


106 


Z86C61/62/96 
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AC CHARACTERISTICS 
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Porto, DM t 
ae a | 
om @ a 


orod = 


/AS 
(Read) (i7) 
(Write) 
(17) | 


Figure 26. External I/O or Memory Read/Write 
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AC CHARACTERISTICS 
External I/O or Memory Read and Write Timing 
Z86C61/62/96 (16 MHz) 

i = 0°C i = -—40°C 

to +70°C to +105°C 

16 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Units Notes 
1 TdA(AS) Address Valid to /AS rise Delay 25 25 ns [2,3] 
2 TdAS(A) /AS rise to Address Float Delay 35 35 ns [2,3] 
3 TdAS(DR) /AS rise to Read Data Reaq’d Valid 150 150 ns [1,2,3] 
4 TWAS /AS Low Width 40 40 3 ns [2,3] 
5 TdAZ(DS) Address Float to /DS fall - 0 0 ns 
6 TwDSR /DS (Read) Low Width 135 135 ns [1,2,3] 
7 TwDSW /DS (Write) Low Width 80 80 ns [1,2,3] 
8 TdDSR(DR) /DS fall to Read Data Rea’d Valid 15 15 ns [1,2,3] 
9 ThDR(DS) Read Data to /DS rise Hold Time 0 0 ns [2,3] 
10 TdDS(A) /DS rise to Address Active Delay 50 50 ns [2,3] 
11. TdDS(AS) /DS rise to /AS fall Delay 35 30 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS rise Delay 25 25 ns [2,3] 
13 TdDS(R/W) /DS rise to R//W Not Valid 35 35 ns [2,3] 
14. TdDW(DSW) Write Data Valid to /DS fall (Write) Delay 25 25 ns [2,3] 
15 TdDS(DW) /DS rise to Write Data Not Valid Delay 35 35 ns [2,3] 
16 TdA(DR) Address Valid to Read Data Req’d Valid 210 210 ns [1,2,3] 
17. TdAS(DS) /AS rise to /DS fall Delay 45 45 ns [2,3] 
18 TdDM(AS) /DM Valid to /AS rise Delay 25 25 ns. [2,3] 


Notes: 


[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. 


Standard Test Load 


Ail timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. 


Number 


Clock Dependent Formulas 


Symbol 


TdA(AS) 
TdAS(A) 
TdAS(DR) 
TWAS 


TwDSR 
TwDSW 
TdDSR(DR) 
TdDS(A) 


TdDS(AS) 
TdR/W(AS) 
TdDS(R/W) 
TdDW(DSW) 


TdDS(DW) 
TdA(DR) 

TdAS(DS) 
TdDM(AS) 


Equation 


0.40 TpC + 0.32 
0.59 TpC — 3.25 
2.83 ToC + 6.14 
0.66 TpC — 1.65 


2.33 ToC — 10.56 
1.27 TpC + 1.67 
1.97 TpC — 42.5 
0.8 TpC 


0.59 TpC - 3.14 
0.4 ToC 

0.8 TpC — 15 
0.4 TpC 


0.88 TpC - 19 
4 TpC - 20 

0.91 TpC - 10.7 
0.9 TpC - 26.3 
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AC CHARACTERISTICS 
External I/O or Memory Read and Write Timing 
Z86C61/62/96 (20 MHz) 

T, =0°C T, = 40°C 

to +70°C to +105°C 

20 MHz 20 MHz 
No Symbol Parameter Min Max Min Max Units Notes 
1 TdA(AS) Address Valid to /AS rise Delay 15 25 ns [2,3] 
2 TdAS(A) /AS rise to Address Float Delay 25 80 ns [2,3] 
3 TdAS(DR) /AS rise to Read Data Req’d Valid 120 120 ns [1,2,3] 
4 TWAS /AS Low Width 30 30 ns [2,3] 
5 TdAZ(DS) Address Float to /DS fall 0 0 ns 
6 TwDSR /DS (Read) Low Width 105 105 ns [1,2,3] 
7 TwDSW /DS (Write) Low Width 65 65 ns (1,2,3] 
8 TdDSR(DR) /DS fall to Read Data Req'd Valid 55 55 ns [1,2,3] 
9 ThHDR(DS) Read Data to /DS rise Hold Time 0 0 ns [2,3] 
10 TdDS(A) /DS rise to Address Active Delay 40 40 ns [2,3] 
11. TdDS(AS) /DS rise to /AS fall Delay 25 25 ns [2,3] 
12  TdR/W(AS) R//W Valid to /AS rise Delay 20 20 ns [2,3] 
13 TdDS(R/W) /DS rise to R/W Not Valid 25 25 ns [2,3] 
14. TdDW(DSW) Write Data Valid to /DS fall (Write) Delay 20 20 ns [2,3] 
15 TdDS(DW) /DS rise to Write Data Not Valid Delay 25 25 ns [2,3] 
16  TdA(DR) Address Valid to Read Data Req'd Valid 150 150 ns [1,2,3] 
17. TdAS(DS) /AS rise to /DS fall Delay 35 35 ns [2,3] 
18 TdDM(AS) /DM Valid to /AS rise Delay 15 15 ns [2,3] 


Notes: 

[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 

[3] See clock cycle dependent characteristics table. 
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AC CHARACTERISTICS 
Additional Timing Diagram 





Figure 27. Additional Timing 


Clock 
TIN 
IRQN 
—o~ Y) 
AC CHARACTERISTICS 
Additional Timing Table 
Z86C61/62/96 
No Symbol Parameter 
1 TpC ~ Input Clock Period 
2 TrC, TC Clock Input Rise & Fall Times 
3 TwC Input Clock Width 
4 TwTinlk Timer Input Low Width 
5 TwTinH Timer Input High Width 
6 TpTin Timer Input Period 
7 TrTin, TfTin Timer Input Rise and Fall Times 
8a Twill Interrupt Request Input Low Times 
8b so TwiL Interrupt Request Input Low Times 
9 TwlH Interrupt Request Input High Times 
Notes: 


[1] Clock timing references use 0.8V,, for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

[3] Interrupt references request through Port 3. 

[4] Interrupt request through Port 3 (P33-P31). 

[5] Interrupt request through Port 30. 
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T, =0°C 

to +70°C 
20/16 MHz 
Min Max 
50/62.5 1000 

10 

25 
75 
5 ToC 
8 ToC 
100 
70 
5 TpC 
5 TpC 


T, = ~40°C 
to +105°C 
20/16 MHz 
Min Max 


50/62.5 1000 


286C61/62/96 


Z8® MICROCONTROLLER 


Units 


ns 
Ns 
ns 
ns 
ns 


Ns 
Ns 
ns 
ns 
Ns 





Notes 


ee ee ee 


1 
, 
1 
2 
2 
2 


] 
2] 

[2,4] 
[2,5] 
[2,3] 


[ 
[ 
[ 
[ 
[ 
[ 
[ 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 


Data In ( Data In Valid > Next Data In Valid 


(3) 
acun Le Delayed DAV K 
Input 





RDY 
(Output) 





Figure 28. Input Handshake Timing 


Data Out (| Data Out Valid Next Data Out Valid 


IDAV 
(Output) 





RDY Delayed © RDY 
(Input) Re { eras 


~ 





Figure 29. Output Handshake Timing 


AC ELECTRICAL CHARACTERISTICS 


Handshake Timing Table 
Z86C6 1/62/96 
T, = 0°C to +70°C T, = 40°C to +105°C 
20/16 MHz 20/16 MHz Data 

No Symbol Parameter Min Max Min Max Direction 
1 TsDI(DAV) Data In Setup Time 0 0 IN 
2 ThHDI(DAV) Data In Hold Time 145 145 IN 
3 TwDAV Data Available Width 110 110 IN 
4 TdDAVI(RDY) DAV fall to RDY fall Delay 115 115 IN 
5 TdDAVId(RDY) DAV rise to RDY rise Delay 115 115 IN 
6 TdRDYO(DAV) RDY rise to DAV fall Delay 0 0 IN 
v4 TdDO(DAV) Data Out to DAV fall Delay TpC TpC OUT 
8 TdDAVO(RDY) DAV fall to RDY fall Delay 0 0 OUT 
9 TdRDYO(DAV) RDY fall to DAV rise Delay 115 115 OUT 
10 TwRDY RDY Width 110 110 OUT 
11. TdRDYOd(DAV) RDY rise to DAV fall Delay 115 145 OUT 
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Z8 CONTROL REGISTER DIAGRAMS 


R240 SiO 


[07] bs] os D4] os] oa} D1 | bo. 


| 


Serial Data (DO =LSB) 


Figure 30. Serial I/O Register 
(FOH: Read/Write) 


R241 TMR 


[07] 06} os] 04] va] pe] 0} bo 


No Function 
Load TO 
Disable TO Count 
Enable TO Count 
No Function . 
Load T1 
Disable T1 Count 
Enable T1 Count 
Tin Modes 
00 External Clock Input 
01 Gate Input 
10 Trigger input 
(Non-retriggerable) 
11. Trigger Input 
(Retriggerable) 
Tout Modes 


00 Not Used 

01 TO Out 

10 T1 Out 

11. Internal Clock Out 


=O -"-O8o =0 ~O 


| 


Figure 31. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


07] bs] ps] D4] oa} p2{ bt} bo| 


| 


T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

T1 Current Value 
(When Read) 


Figure 32. Counter/Timer 1 Register 
(F2H: Read/Write) 


R243 PRE1 


[97 D6} Ds | D4] D3} D2} D1 | Do} 
L Count Mode 


0 T1 Single Pass 
1 T1Modulo N 


Clock Source 
1 Ti Internal 
0 T1 External Timing Input 
(Tin) Mode 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 33. Prescaler 1 Register 
(F3H: Write Only) 


R244 TO 


[07] 6} ps] ps] 03} oe] 0: | bo) 


TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 


Figure 34. Counter/Timer 0 Register 
(F4H: Read/Write) 


R245 PREO 


[07] 6} os] Da} D3} D2} Di] Do 
= Count Mode 


0 TO Single Pass 
1 TO Modulo N 


Reserved (Must be 0) 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


Figure 35. Prescaler 0 Register 
(F5H: Write Only) 
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R246 P2M R248 POiM 


[07 ps] 0s] pa} ps] b2 01 | bo) [p7] D6] 05] D4] v3} p2] D+} Do | 


0 Defines Bit as Output 00 Output 
1 Defines Bit as Input 01 Input 
1X Att-As 
. 5 Stack Selection 
Figure 36. Port 2 Mode Register 6. Enerral 
(F6H: Write Only) 1 Internal 
P17- P10 Mode 
00 Byte Output 
01 Byte Input 
R247 P3M 10 AD7-ADo 
11 High-lmpedance AD7 - DAo, 
/AS, /DS, /R/MW, Ant - As, 
b7 | be } bs J 04} bf oz [D+ {D0 | ee 
{| 0 Port 2 Open Drain Reserved (Must be 0) 
1 Port 2 Push-pull 


| 





Reserved (Must be 0) pe - Foca 
0 P32 = Input 01 Input 
P35 = Output 1X A15-Ai2 


1 P32 =/DAVO/RDYO 
P35 = RDYO0//DAVO 


00 P33 = Input Figure 38. Port 0 and 1 Mode Register 
P34 = Output (F8H: Write Only) 

01 | P33 = Input 

10] P34=/DM 


P33 = /DAV1/RDY1 


P34 = RDY1//DAV1 R249 IPR 


ee Se [02] be] ps} pe] oa] p2] 0] oo 


1 P31 =/DAV2/RDY2 
P36 = RDY2//DAV2 
interrupt Group Priority 
0 P30 = Input Reserved = 000 
P37 = Output C>A>B=001 
1 P30 = Serial In A>B>C=010 
P37 = Serial Out A>C>B=0i1 
B>C>A= 100 
0 Parity Off C>B>A=101 
1 Parity On B>A>C= 110 
Reserved = 111 
IRQ1, IRQ4 Priority (Group C) 
‘ : 0 IRQ1t > IRQ4 
Figure 37. Port 3 Mode Register 1 IRQ4>IRQ1 
(F7H: Write Only) IRQO, IRQ2 Priority (Group B) 
0 IRQ2 > 1RQO 
1 1IRQO > IRQ2 
IRQ3, IRQ5 Priority (Group A) 
0 IRQ5 >IRQ3 
1 IRQ3>IRQ5 


Reserved (Must be 0) 


Figure 39. Interrupt Priority Register 
(F9H: Write Only) 
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Z8 CONTROL REGISTER DIAGRAMS (Continued) 





R250 IRQ R253 RP 


07] o] ds} pa] oa] pz} or] bo or pe] 05} p4J va} oe] os} bo] 


LL tpqo= Pee Input (0= RAO) ae awe ee 
IRQ1 = P33 Input xpanded Register Pointer 
IRQ2 = P31 Input Working Register Pointer 


IRQ3 = P30 Input, Serial Input 

IRQ4=TO Serial Output 

IRQ5 =T1 : ; ; : 

00 P31l Pael Figure 43. Register Pointer Register 


01 P31l Psat (FDH: Read/Write) | 
10 P31T P32) 
11 P31T P3e2Tt 


R254 SPH 


Figure 40. Interrupt Request Register 
(FAH: Read/Write) 





i (aaa nee Stack Pointer Upper 


R251 IMR Byte (SP15- SPs) 


jo7 [ps] 0s] 04] os] D2] 01 | Do 


Figure 44. Stack Pointer Register 


Enables IRQ5-IRQO (FEH: Read/Write) 
(Do = IRQO) 


1 Enables RAM Protect 
1 Enables Interrupts 


| 


R255 SPL 


[57] D6} ps} pa} pa} 2] 01 | bo 
Figure 41. Interrupt Mask Register as Sen 
(FBH: Read/Write) Stack Pointer Lower 


Byte (SP7 - SPo) 


R252 FLAGS 
Figure 45. Stack Pointer Register 
[br] 08 [0s [003 [02] 03 [00] Se (FH: Read/Write) 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 


= 


Carry Flag 


Figure 42. Flag Register 
(FCH: Read/Write) 
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Z8 EXPANDED REGISTER FILE CONTROL REGISTERS 


P4 (FH) 02H 


[07| pe] ps} ve] oa] 02} D1] bo 
is (etter + 


0 Defines Level 0 
1 Defines Level 1 


Figure 46. Port 4 Data Register 
(F)02: (Read/Write) 


P4M (FH) 03H 


SS P40 - P47 I/O Definition 


0 Defines Bit as Output 
1 Defines Bit as Input 


Figure 47. Port 4 Mode Register 
(F)03: (Write Only) 


P5 (FH) 04H 


orfoofos]]oo]oa]os] oo 
aa soe ™ 


0 Defines Level 0 
1 Defines Level 1 


Figure 48. Port 5 Data Register 
(F)04: (Read/Write) 


P5M (FH) 05H 


 b7| p6} Ds] D4} ps{ D2} D1} bo 
an Sane P50 - P57 I/O Definition 


0 Defines Bit as Output 
1 Defines Bit as Input 


Figure 49. Port 5 Mode Register 
(F)05: (Write Only) 


P45CON (FH) 06H 


fe 


O Port 4 Open-drain 
1 Port 4 Push-pull 
Reserved (Must be 0) 
Port 5 Open-drain 
Port 5 Push-pull 
Reserved (Must be 0) 


Figure 50. Port 4/5 Configuration Register 
(F)06: (Write Only) 


P6 (FH) 07H 


EEEEEEEo 


Data 
QO Defines Level 0 
1 Defines Level 1 


Reserved (Must be 0) 


Figure 51. Port 6 Data Register 
(F)07: (Read/Write) 


P6M (FH) 08H 


ERED 


P60 - P63 I/O Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 


Reserved (Must be 0) 


Figure 52. Port 6 Mode Register 
(F)08: (Write Only) 


P6CON (FH) 09H 


[07 ps} os] v4] 3] 2} D1} Do 
L 0 Port 6 Open-drain 


1 Port 6 Push-pull 


Figure 53. Port 6 Mode Register 
(F)09: (Write Only) 
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INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera- 
tions as shown in the instruction Summary. 


Symbol 
IRR 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 

Indirect working-register address only 
Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol 


8-38 


Meaning 


Destination location or contents 
Source location or contents 
Condition code 

Indirect address prefix 

Stack Pointer 

Program Counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Flags. Control register (R252) contains the following six 


flags: 


Symbol 


LTO<OANY 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


—+ © 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 


286C61/62/96 
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CONDITION CODES 








Value Mnemonic Meaning Flags Set 

1000 Always True 

0111 C Carry Ce 

1111 NC No Carry C= 0 

0110 Z Zero Thea 

1110 NZ Not Zero Lea0 

1101 PL Plus S$=0 

0101 MI Minus oe 

0100 OV Overfiow Ve 

1100 NOV No Overflow VO 

0110 EQ Equal ZL 

1110 NE Not Equal Z=0 

1001 GE Greater Than or Equal (S XOR V) = 0 

0001 LT Less than (S XOR V) = 1 

1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 
1114 UGE Unsigned Greater Than or Equal C=0 

0111 ULT Unsigned Less Than Ce] 

1011 UGT Unsigned Greater Than (C=0 AND Z=0)=1 
0011 ULE Unsigned Less Than or Equal (COR Z) = 

0000 F Never True (Always False) 
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INSTRUCTION FORMATS 


OPC 


dst/src 


O 


0 


Oo 
4 


C 


C 


VALUE 


OPC 


OR 


onLit10] dst_| 





|_dst_] OPC | 


One-Byte Instructions 


CLR, CPL, DA, DEC, 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 


JP, CALL (Indirect) 


SRP 


ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 
TM, XOR 


OPC LD, LDE, LDEI, 
Heilene LDC, LDC! 
dst/src | OPC LD 
oR 
[ast] ore LD 
OPC DUNZ, JR 
FFH STOP/HALT 
6FH 7FH 
Two-Byte Instructions 
INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol 
“« ”, For example: 


dst <— dst + src 


indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 


8 


§ 
ph 


0 


‘CCF, Di, El, IRET, NOP, . 


RCF, RET, SCF 





| VALUE 


src 


[Mone [OFC | 
Pawvere | _x_| 
ADDRESS — 











OPC 
DAU 
DAL 


pref at 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 


LD 


JP 


CALL 


Three-Byte Instructions 


notation “addr (n)” is used to refer to bit (n) of a given 
operand location. For example: 


dst (7) 


refers to bit 7 of the destination operand. 
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INSTRUCTION SUMMARY (Continued) 





Address Address 
Instruction Mode Opcode ___ Flags Affected Instruction Mode Opcode ___‘ Flags Affected 
and Operation dst src Byte(Hex)C ZS V DH and Operation dst src Byte(Hex)C ZS V DH 





ADC dst, src a 1[ ] KK eK KO * INC dst r rE - K* KK - | 
dst«dst +src + C dst—dst + 1 r=O-F 
R 20 
ADD dst, src + O[ J KKK KO * IR 21 
dst«dst +src 
INCW cst RR AO - ** KK - - 
AND dst, src a Sl.) - * * 0 - - dstedst + 1 IR Al 
dst«-dst AND src 
IRET BF KK KK K 
CALL dst DA D6 - = = = = = FLAGS<@SP; 
SP<-SP —- 2 IRR D4 SP<SP +1 
@SP<PC, PC<-@SP; 
PCeadst SP<SP + 2; 
IMR(7)<—1 
CCF EF *K- - ee 
CeNOT C JP cc, dst DA cD - = = ee 
if cc is true c=0-F 
CLR dst R BO - - - - = = PC<dst IRR 30 
dstc-0 IR B1 
JR cc, dst RA cB - = - = = = 
COM dst R 60 - ** OO - - if cc is true, c=0-F 
dst«-NOT dst IR 61 PC<-PC +dst 
Range: +127, 
CP dst, src Te At ] KK KK - - —128 
dst — src 
LD dst, src r Im rc - = = = = 
DA ast R 40 KK RK KX - - dste-src r R r8 
dste-DA dst IR 41 R or r9 
r=O-F 
DEC ast R 00 - *# KK - - r X C7 
dst<«dst — 1 IR 01 X fr D7 
r Ir ES 
DECW ast RR 80 - * KK - - lr or F3 
dstedst — 1 IR 81 R R E4 
R IR €E5 
DI 8F - - = - = = R IM E6 
IMR(7)<-O IR IM €E7 
IR R F5 
DJNZr, dst RA rA - ee se 
rer — 1 P=0=aF LDC dst, src r Irr C2 - - - = = = 
ifr#O i a ee a 
PC«-PC +dst LDCI dst, src lr lr C3 - - - = = = 
Range: +127, dstesrc 
-128 rer +1; 
rrecrr +1 
El OF - = = = = = 
IMR(7)<-1 
HALT 7F - - = = = = 
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Address Address 
instruction Mode Opcode _—‘ Flags Affected Instruction Mode #$ Opcode _ Flags Affected 
and Operation dst src Byte(Hex)C ZS V DH and Operation dst src Byte(Hex) C Z S V DH 
NOP FF - se ee STOP 6F - = = = = = 
OR ast, src T 4[ ] - *# 0 - - SUB dst, src T 2[ J kK KK 1 Ok 
dst«dst OR src dst«-dstesrc 
POP dst R 50 - 5 fe oe ee SWAP ast R FO X #* *# X - - 
dst«-@SP; IR 51 i IR FA 
SP<SP + 1 CZ) CE) 
ae, 
PUSH src R70 re 
SP<SP -— 1; IR 71 TCM ast, src - 6[ ] - #*€ KO - - 
@SPesrc (NOT dst) 
AND src 
RCF CF O- - - - - 
C0 TM dst, src a 7[ ] - *#*# O - - 
dst AND src 
RET AF - - - ee 
PC<@SP; XOR ast, src t Bl ] - ** ke OO - - 
SP¢SP + 2 dstedst 
XOR src 
RL dst R 90 KK KK - - 
= IR 91 SSS SS 
+ These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a‘[ ]’ 
RLC ast R 10 Be ee ee ee in this table, and its value is found in the following table to the left of the 
ae IR 1 applicable addressing mode pair. 
For example, the opcode of an ADC instruction using the addressing 
RR ast R EO kK KK. - modes r (destination) and Ir (source) is 13. 
IR E1 
Address Mode Lower 
RRC dst R CO kRKRK- - dst src Opcode Nibble 
ae IR C1 
ig r [2] 
SBC dst, src t 3[ ] Kok KK 1 * 
dst«-dste-src<-C . Ir [3] 
SCF DF (oe ae R R [4] 
Ce 
R IR [5] 
SRA dst R DO kK KO - - 
7{ | 
kw IR IM [7] 
SRP src Im 31 - ot ot toe 
RP<src 
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OPCODE MAP 





Lower Nibble (Hex) 
7 8 9 A B Cc D E F 


65 | 6s | 65 | 65 | 105 | 105 |] 105 | 105 | 65 | 65 f12105[12/10.0] 65 [12.1001 65 
0 | DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD LD JP | INC 
Ri | IR1 | rt,r2 IR2, SEE R21 12,R1 [rt,RA |cc,RA[r1,IM |cc, DA] rt 
65 | 65 | 65 | 65 | 105 | 105 | 105 | 105) Ff 
1. [| RLC | RLC | ADC | ADC } ADC |} ADC | apc | Apc | 
R1 Li) if ie IR2,R1] R14, IM | IRA, IM 
65 65 | 105 | 105 | 105 | 105 
2 | INC NC SUB SUB | SUB | SUB | SUB | SUB 
R1 ui i z r, Ir2 | R2,R1 | IR2, R1] R41, IM | IR4, IM 
BO 65 | 105 | 105 | 10.5 | 105 
3 sre sue SBC | SBC | SBC | sBc | sBC 
ie at r2 | 1, 1r2 | R2,R1 | IR2, R1{ R41, IM | IR, IM 
85 65 | 105 is oe 1G 
4 | DA OR | OR 
R1 a A r ns o rs if oar 
.ND AND 





10.5 10.5 10.5 10:5 10.5 10.5 
5 POP | POP | A AND | AND | AND ; AND 


R1 IR1 r,r2 a ue R2,R1 JIR2, Ri} R1, 1M 4 IR1, IM 


6.5 6.5 6.5 10.5 10.5 10.5 10.5 
6 ie COM | TCM ical TCM | TCM | TCM | TCM 
IR1 a 2 r1, Ir2 | R2, R1 {IR2, R17 R1, 1M [ 1R1, IM 
wi 12/14.1 6.5 10.5 a ae 
7 PUSH | PUSH ™ 
R2 IR2 Hy os ri, ir2 | R2, R14 ms ee i rare 
8 DECW DECW LDE LDEI 
RR1 IR4—— rt, trr2 | Ir, Irr2 
6.5 


12.0 
9 RL RL LDE 


R1 IR1 2, “a Ir2, Irrt 


10.5 10.5 6.5 10.5 py 10.5 10.5 
SSPE ERE 
RR1 a H i. ri, ir2 | R2, R1 JIR2, R1} R1, IMFIR1, IM 
6.5 10.5 10.5 10.5 10.5 
B a re oe ion XOR | XOR 
IR4 ri,r2 fori, tr2 | R2,R1 7 IR2, Ri} R1, IM }IR1, IM 
12.0 18.0 ie 
fee ee TT 
IR1 r, Irr2 Jirt, Irr2 r1,x,R2 
12.0 18.0 20.0 20.0 a 
D SRA a. CALL* mE CALL 
~ 1, Irr2 flrt, irr2} IRR1 nee 
6.5 10.5 ie 08 10.5 
Eley Ee eels 
ie r1, IR2 | R2, R1 |IR2, R14 oe a IR1, IM 
85 8.5 10.5 
EEC Sune 
R1 IR1 Irt, r2 R2, 1R1 


Upper Nibble (Hex) 





Bytes per Instruction 


pea Legend: 
ee R = 8-bit Address 
: Nibble 
Cycles | Cycles R1 or r1 = Dst Address 
4 R2 or r2 = Src Address 
Upper 10.5 ; 
Opcode-———eA} CP. Mnemonic Sequence: 
Nibble R1, R2 Opcode, First Operand, 
Second Operand 
First Second Note: Blank areas not defined. 
Operand Operand 


*2-byte instruction appears as 
a 3-byte instruction 
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Typ | 










CONTROLLING DIMENSIONS « INCH 


40-Pin Plastic DIP Package 





NOTES: 
1, CONTROLLING DIMENSIONS : INCH 
2.LEADS ARE COPLANAR WITHIN .004 IN. 


3. DIMENSION + _MM_ 
INCH 


1.21971.067 
048/.042 








Al 


9,66/0.51 
026/,020 


mr 11420.64 
045/.025 


SYMB MILLIMETER 

seme. | a 
pA | 427 | 457_| 
| ar | 267 | 292 _| 
| bier | 1651 | 16.66 _| 
| pe | ise4 | 16.00_| 


44-Pin PLCC Package 





DIM. FROM CENTER 
TD CENTER OF RADII 





INCH 


050 TYP 


‘ 286C61/62/96 
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Bl CONTROLLING DIMENSIONS « INCH 


64-Pin Plastic DIP Package 







Al 
45° 0.662051 
026/.020 
~ 
048/.042 " 
eee + 
_t GBorsis 12 


= 





DIMENSION FROM CENTER 
TO CENTER OF RADII 


0.8170,.66 
032/.026 





R 1420.64 
045/025 


NOTES: 
1, CONTROLLING DIMENSIONS : INCH 
2.LEADS ARE COPLANAR WITHIN .004 IN. . 
3. DIMENSION + _MM_ 
INCH 





68-Pin PLCC Package 
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ORDERING INFORMATION 





Z86C61/62/96 

16 MHz 

40-pin DIP 44-pin PLCC 
Z86C6116PSC Z86C6116VSC 
16 MHz 

64-pin DIP 68-pin PLCC 
Z86C6216PSC Z86C6216VSC 
20 MHz 

64-pin DIP 68-pin PLCC 


Z86C9620PSC Z86C9620VSC 


For fast results, contact your local Zilog sales office 
for assistance in ordering the part desired. 


Codes 


Package 
P = Plastic DIP 
V = Plastic Chip Carrier 


Temperature 
S = 0°C to +70°C 
E = -40°C to +105°C 


Speed 
16 = 16 MHz 
20 = 20 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 86C61 16 P S C is an 86C61, 16 MHz, DIP O°C to +70°C, Plastic Standard Flow 


| | Environmental Flow 


Temperature 
Package 
Speed 

Product Number 
Zilog Prefix 


8-46 








Z86E21 CMOS Z8°® 
8K OTP Microcontroller 


Z86C61/62/96 CMOS Z8° 
Microcontroller 


Z86C63/64 32K ROM Z8® 
CMOS Microcontroller 


286691 CMOS Z8° 
ROMless Microcontroller 


286693 CMOS Z8°® Multiply/ 
Divide Microcontroller 


Support Products 


™ 


Superintegration 
Products Guide 


Zilog's Literature Guide 
Ordering Information 



































A SILAS 


FEATURES 
m@ 8-Bit CMOS Microcontroller 


m 40-Pin DIP, 44-Pin PLCC, 64-Pin DIP, or 
68-Pin PLCC Package 


Mm 32 Input/Output Lines (Z86C63 Only) 

m 52 Input/Output Lines (Z86C64) 

m 3.0V to 5.5V Operating Range 

m Low Power Consumption - 200 mW (max) 
m Fast Instruction Pointer - 0.75 ws @ 16 MHz 
m Two Standby Modes - STOP and HALT 

m@ Full-Duplex UART 


m All Digital Inputs are TTL Levels 


GENERAL DESCRIPTION 


The Z86C63/64 microcontroller introduces a new level of 
sophistication to single-chip architecture. The Z86C63/64 
is a member of the Z8 single-chip microcontroller family 
with 32 Kbytes of ROM and 256 bytes of RAM. 


The Z86C63 is housed in a 40-pin DIP, and a 44-pin PLCC 
package, and is manufactured in CMOS technology. The 
ROMIless pin option is available on the 44-pin version only. 
The Z86C64 is housed in a 64-pin DIP, and a 68-pin PLCC. 
Both versions of the Z86C64 have the ROMless pin option, 
which allows both external memory and preprogrammed 
ROM, enabling this Z8 microcontroller to be used in high- 
volume applications or where code flexibility is required. 
The Z86C96 ROMless Z8 will support the Z86C63/64. 


Zilog’s CMOS microcontroller offers fast execution, more 
efficient use of memory, more sophisticated interrupts, 
input/output bit manipulation capabilities, and easy hard- 
ware/software system expansion along with low cost and 
low power consumption. 


ADVANCE PRODUCT SPECIFICATION 


286063/64 


CMOS Z8® 
32K ROM MICROCONTROLLER 


m Auto Latches 

m RAM and ROM Protect 
Mm 32 Kbytes of ROM 

m 256 Bytes of RAM 


m Two Programmable 8-Bit Counter/Timers, 
Each with 6-Bit Programmable Prescaler 


wm Six Vectored, Priority Interrupts from Eight 
Different Sources 


m Clock Speeds 16 and 20 MHz 


m On-Chip Oscillator that Accepts a Crystal, 
Ceramic Resonator, LC, or External Clock Drive 


m@ Low EMI Emission Mode 


The Z86C63/64 architecture is characterized by Zilog’s 
8-bit microcontroller core. The device offers a flexible |/O 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, I/O, anda 
number of ancillary features that are useful in many indus- 
trial and advanced scientific applications. 


For applications which demand powerful I/O capabilities, 
the Z86C68 fulfills this with 32 pins dedicated to input and 
output. These lines are grouped into four ports with eight 
lines each. The Z86C64 has 52 pins for input and output, 
and these lines are grouped into six, 8-bit ports and one 
4-bit port. Each portis configurable under software control 
to provide timing, status signals, serial or parallel 
[/O with or without handshake, and an address/data bus 
for interfacing external memory. 
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GENERAL DESCRIPTION (Continued) 





There are three basic address spaces available tosupport Notes: . . 
this wide range of configurations: Program Memory, Data _—_ All Signals with a preceding front slash, '/", are active Low, e.g.., 
Memory, and 236 General-Purpose Registers. B/W (WORD is active Low); /B/W (BYTE is active Low, only). 


To unburden the program from coping with the real-time Power connections follow conventional descriptions below: 


problems such as counting/timing and serial data commu- 
nication, the Z86C63/64 offers two on-chip counter/timers Connection Circuit Device 
with a large number of user selectable modes, and a : 


universal asynchronous receiver/transmitter (UART) (Fig- rower Veg Voo | 
ures 1 and 2). Ground GND , Veg | 
Output Input Vec GND XTAL /AS /DS R//W /RESET 


a 





Machine Timing and 
Instruction Control 


Prg. Memory 
32,768 
x 8-Bit 


' Program 
J Counter 





Port 3 







Counter/ 
Timers 







(2) 





Register 
Pointer 
Register File 
256 x 8-Bit 






VO ' Address or I/O Address/Data or I/O 
(Bit Programmable) (Nibble Programmable) (Byte Programmable) 


Figure 1. Z86C63 Functional Block Diagram 
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Output Input Vcc GND XTAL 


1 


Port3 


UART 


Counter/ 
Timers (2) 


Register 
Pointer 
Interrupt 
Control 


Register File 
256 x 8-Bit 


ere 


Machine Timing and 









/AS /DS R/W /RESET 








Instruction Control 


Program 
Memory 
32,768 x 8-Bit 


Program 
Counter 








ul 


————  ——————— /O Address or I/O Address/Data or I/O 


/O 
(Bit Programmable) 


Figure 2. Z86C64 Functional Block Diagram 


(Bit Programmable) (Nibble Programmable) (Byte Programmable) 
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PIN DESCRIPTION 
Table 1. Z86C63 40-Pin DIP Pin Identification 
voc Ly 1 | P36 a a 
XTAL2 2 P34 Pin# Symbol Function Direction 
XTAL1 3 P27 1 Vee Power Supply Input 
p37 TI 4 P26 2 XTAL2 = Crystal, Oscillator Clock Output 
3 XTAL1 Crystal, Oscillator Clock Input 
P30 neo 4 P37 Port 3, Pin 7 Output 
/RESET 6 P24 5 P30 Port 3, Pin O Input 
cua le nes 6 RESET Reset input 
/DS 8 P22 7 R//W Read/Write Output 
JAS 9 P21 8 IDS Data Strobe Output 
3 9 [AS Address Strobe Output 
Bae we Z86C63 Bee 10 P35 Port 3, Pin 5 Output 
GND 11 DIP P33 7 des GS CT. a 
| roun nput 
Paz Ly 12 ae 12 P32 Port 3, Pin 2 Input 
POO 13 P17 13-20 PO7-POO Port0O, Pins O through 7 = |n/Output 
PO1 14 P16 21-28 Pi7-P10 Port1,PinsOthrough 7 = In/Output 
Poo 15 P15 29 P34 Port 3, Pin 4 Output 
P03 16 P14 30 P33 Port 3, Pin 3 Input 
31-38 P27-P20 Port2,PinsOthrough7 — In/Output 
peu ae 39. ~P3t Port 3, Pin 1 Input 
POS Lj 18 Pte 40 P36 Port 3, Pin 6 Output 
PO6 19 P11 ye ee ee 
P07 20 P10 





Figure 3. Z86C63 40-Pin DIP 
Pin Assignments 
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gE ZESSERER 
See ee O25 e ae oS 
6 5 43 2 1 










/RESET N/C 





R//IW P24 
/DS P23 
/AS P22 
P35 P21 
Z86C63 
GND | PLCC | P20 
P32 P33 
POO P34 
PO1 P17 
Po2 P16 
/ROMless P15 
PEEEES ELS 
foeadkcaaoaonkaad 
Figure 4. Z86C63 44-Pin PLCC Pin Assignments 
Table 2. Z86C63 44-Pin PLCC Pin Identification 
Pin# Symbol Function Direction Pin# Symbol Function Direction 
| Vee Power Supply Input eA /ROMless ROM/ROMIess control Input 
2 XTAL2 Crystal, Oscillator Clock Output 18-22 PO7-PO03_ Port 0, Pins 3,4,5,6,7 In/Output 
3 XTAL1 Crystal, Oscillator Clock Input 23-27 P14-P10 Port 1, Pins 0,1,2,3,4 In/Output 
4 P37 Port 3, Pin 7 Output 28 N/C Not Connected Input 
5 P30 Port 3, Pin O Input i 
29-31 P17-P15 Port 1, Pins 5,6,7 In/Output 
6 N/C Not Connected Input 32 P34 Port 3, Pin 4 Output 
7 /RESET Reset Input 33 P33 Port 3, Pin 3 Input 
8 R//W Read/Write Output 34-38 P24-P20 Port 2, Pins 0,1,2,3,4 In/Output 
9 /DS Data Strobe Output SO 
10 /AS Address Strobe Output 3g N/C Not Connected Input 
40-42 P25-P27_ Port 2, Pins 5,6,7 In/Output 
11 P35 Port 3, Pin 5 Output 43 P31 Port 3, Pin 1 Input 
12 GND Ground Input 44 P36 Port 3, Pin 6 Output 
13 P32 Port 3, Pin 2 Input a A a a 
14-16 PO2-POO Port0, Pins 0,1,2 In/Output 
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PIN DESCRIPTION (Continued) 


P44 
VCC 
P45 

XTAL2 

XTAL1 
P37 
P30 
| N/C 
/RESET 
R//W 
/DS 
P46 
P47 
/AS 
P35 
/ROMless 
GND 
P32 
P50 
P51 
POO 
P01 
P02 
P03 
P04 
P05 
P06 
P07 
VCC 
P52 
P53 
P54 


Figure 5. Z86C64 64-Pin DIP Pin Assignments 
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ak 


oO ON DO a fF W ND 
fo) 
oe} 


Z86C64 
DIP 49} _J 


P43 
P42 
P36 
P31 
P41 
P40 
P27 
P26 
P25 
P24 
P23 
P22 
P60 
P61 
P21 
P20 
GND 
P33 
P34 
P62 
P63 
P17 
P16 


P15 


P14 
P13 
P12 
P57 
P56 
P11 

P10 
P55 


|= OOND| OFRWND 
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Table 3. Z86C64 64-Pin DIP Pin Identification 


Pin# Symbol Function 
P44 Port 4, Pin 4 
Vea Power Supply 
P45 Port 4, Pin 5 
XTAL2 Crystal, Oscillator Clock 
XTAL1 Crystal, Oscillator Clock 
P37 Port 3, Pin 7 
P30 Port 3, Pin O 
N/C Not Connected 
/RESET Reset 
0 R//W Read/Write 
1 /DS Data Strobe 
12-13 P47-P46 Port 4, Pin 6,7 
14 [AS Address Strobe 
15 P35 Port 3, Pin 5 
16 /ROMless ROM/ROMI|ess control 
17 GND Ground 
18 P32 Port 3, Pin 2 
19-20 P51-P50 Port 5, Pin 0,1 
21-28 POQ7-POO Port 0, Pins 0 through 7 
29 Vie Power Supply 
30-33 P52-P55 Port 5, Pins 2,3,4,5 
34-35 P11-P10 Port 1, Pins 0,1 
36-37 P57-P56 Port 5, Pins 6,7 
38-43 P17-P12 Port 1, Pins 2,3,4,5,6,7 
44-45 P63-P62 Port 6, Pins 3,2 
46 P34 Port 3, Pin 4 
47 P33 Port 3, Pin 3 
48 GND Ground 
49-50 P21-P20 Port 2, Pins 0,1 
51-52 P61-P60 Port 6, Pins 1,0 
53-58 P27-P22 Port 2, Pins 2,3,4,5,6,7 
59-60 P41-P40 Port 4, Pins 0,1 
61 P31 Port 3, Pin 1 
62 P36 Port 3, Pin 6 
63 P42 Port 4, Pin 2 
64 P43 Port 4, Pin 3 


Direction 


In/Output 
Input 
In/Output 
Output 
Input 


Output 
Input 
Input 
Input 
Output 


Output 
In/Output 
Output 
Output 


Input 
Input 
Inout 
In/Output 


In/Output 
Input 

In/Output 
In/Output 
In/Output 


In/Output 
In/Output 
Output 
Input 
Input 


In/Output 
In/Output 
In/Output 
In/Output 


Input 
Output 
In/Output 
In/Output 
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ve 


od Y Mo Y 
CEP LK KL @ 


9 8 7 6 5 4 3 2 68 67 66 65 64 63 62 61 


R//W 10 P24 
/PODS 11 P23 
/DS 12 P22 
P46 13 P60 
P47 14 P61 
/P1iDS 15 P21 
/AS 16 P20 
/DTimers 17 786C64 SCLK 
P35 18 PLCC /SYNC 
/ROMless 19 GND 


GND [| 20 P33 
P32 } 21 P34 
P50 § 22 P62 
P51 | 23 P63 
POO § 24 P17 
Po1 ff 25 P16 


P02 26 4 P15 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 





&% 


6H © 
& we) 


662A © Vv © & N © A wv & 


™ 
a a eg 


Figure 6. Z86C64 68-Pin PLCC Pin Assignments 


9-7 


ASILAB 





9-8 


286C63/64 


ADVANCE INFORMATION Z8® MICROCONTROLLER 
PIN DESCRIPTION (Continuea) 
Table 4. Z86C64 68-Pin PLCC Pin Identification 
Pin# Symbol Function Direction Pin# Symbol Function Direction 
1-2 P44-P43 Port 4, Pins 3,4 In/Output 24-31 PO7-POO Port0O,PinsOthrough7 — In/Output 
3 Voc Power Supply Input 32 Vic Power Supply Input 
4 P45 Port 4, Pin 5 In/Output 33-36 P55-P52 Port 5, Pins 2,3,4,5 In/Output 
5 XTAL2 Crystal, Oscillator Clock Output 37-38 P11-P10 Port 1, Pins 0,1 In/Output 
6 XTAL1 Crystal, Oscillator Clock Input 
39-40 P56-P57 Port 5, Pins 6,7 In/Output 
7 P37 Port 3, Pin 7 Output 41-46 P17-P12 Port 1, Pins 2,3,4,5,6,7 In/Output 
8 P30 Port 3, Pin O Input 47-48 P63-P62 Port6, Pins 3,2 In/Output 
9g /RESET Reset Input 49 P34 Port 3, Pin 4 Output 
10 R//W Read/Write Output 50 P33 Port 3, Pin 3 Input 
11 /PODS Port O Data Strobe Output 
7 51 GND Ground Input 
12 /DS Data Strobe Output 52 ISYNC Synchronization Output 
13-14 P47-P46 Port 4, Pins 6,7 In/Output 53 SCLK System Clock Output 
15 /P1DS Port 1, Data Strobe Output 54-55 P21-P20 Port 2, Pins 0,1 In/Output 
16 /AS Address Strobe Output 56-57 P60-P61 Port 6, Pins 1,0 In/Output 
17 /DTIMER DTIMER Input : 
58-63 P27-P22 Port 2, Pins 2,3,4,5,6,7 = In/Output 
18 P35 Port 3, Pin 5 Output 64-65 P41-P40 Port 4, Pins 0,1 In/Output 
19 /ROMless ROM/ROMless contro! — Input 66 P31 Port 3, Pin 1 Input 
20 GND Ground Input 67 P36 Port 3, Pin 6 Output 
21 P32 Port 3, Pin 2 Input 68 P42 Port 4, Pin 2 In/Output 
22-23 P51-P50 Port 5, Pins 0,1 In/Output 
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PIN FUNCTIONS 


/ROMless (input, active Low). This pin, when connected to 
GND, disables the internal ROM and forces the device to 
function as a Z86C96 ROMless Z8. (Note: When left 
unconnected or pulled High to V_, the part functions as a 
normal Z86C63/64 ROM version.) This pinis only available 
on the 44-pin version of the Z86C63, and both versions of 
the Z86C64, and has internal pull-up. 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


/AS (output, active Low). Address Strobe is pulsed once 
at the beginning of each machine cycle. Address out- 
put is through Port 1 for all external programs. Memory 
address transfers are valid at the trailing edge of /AS. 
Under program control, /AS can be placed in the high- 
impedance state along with Ports 0 and 1, Data Strobe, 
and Read/Write. 


XTAL1, XTAL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 


R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C63/64 is equipped with a 
reset filter of four external clocks (4TpC). If the external / 
RESET signal is less than 4TpC in duration, no reset 
OCCUFS. 


On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at arate of ToC/2. When 
/RESET is deactivated, program execution begins at loca- 
tion OOOC (HEX). Reset time must be held Low for 50 ms, 
or until V., is stable, whichever is longer. 


Stop-Mode Recovery is accomplished by resetting the 
device. 


/PODS Port 0 Data Strobe (output, active Low). Signal used 
to emulate Port O when in ROMless mode. 


/P1DS Port 1 Data Strobe (output, active Low). Signal used 
to emulate Port 1 when in ROMless mode. 


/DTIMERS Disable Timers (input, active Low). All timers 
are stopped by the Low level at this pin. This pin has an 
internal pull up resistor. 

SCLK (output). System clock pin. 

ISYNC Instruction SYNC Signal (output, active Low). This 


signal indicates the last clock of the current executing 
instruction. 
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PIN FUNCTIONS (Continued) 


Port 0(PO7-POO). Port 0 is an 8-bit, nibble programmable, — 


bidirectional, TTL compatible port. These eight I/O lines 
can be configured under software control as a nibble I/O 
port, oras an address port for interfacing external memory. 
When used as an |/O port, Port O may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the I/O direction of the upper 
nibble PO7-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 


ey 
ata 


Z86C63 
MCU 


OEN e: 
6 





For external memory references, Port O can provide ad- 
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
lf the address range requires 12 bits or less, the upper 
nibble of Port O can be programmed independently as I/O 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for I/O operation, they must be config- 
ured by writing to the Port O Mode register. 


In ROMless mode, after a hardware reset, Port O lines are 
defined as address lines A15-A8, and extended timing is 
set to accommodate slow memory access. The initializa- 
tion routine includes reconfiguration to eliminate this ex- 
tended timing mode (Figure 7). 


Port.0 (I/O) 


Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 


PAD 


out a 


TTL Level Shifter 


aman 


AN 
A 


Auto Latch 


Figure 7. Port 0 Configuration 
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Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad- 
dress (A7-AO) and Data (D7-DO) ports. For Z86C63/64, 
these eight I/O lines can be programmed as Input or 
Output lines or can be configured under software control 
as an address/data port for interfacing external memory. 
When used as an I/O port, Port 1 may be placed under 
handshake control. In this configuration, Port 3 line P33 
and P34 are used as the handshake controls RDY1 and 
IDAV1. 


Z86C63 
MCU 


OEN 


oe 





Memory locations greater than 32,768 are referenced 
through Port 1. To interface external memory, Port 1 must 
be programmed for the multiplexed Address/Data mode. 
If more than 256 external locations are required, Port O 
must output the additional lines. 


Port 1 can be placed in high-impedance state along with 
Port O, /AS, /DS, and R//W, allowing the microcontroller to 
share common resources in multiprocessor and DMA 
applications. Data transfers can be controlled by assign- 
ing P33 as a Bus Acknowledge input, and P34 as a Bus 
request output (Figure 8). 


Port 1 
(AD7-ADO) 


Handshake Controls 
/DAV1 and RDY1 
(P33 and P34) 


PAD 


out =), 


TTL Level Shifter 


In 


| ama lam 


AN 
A 


Auto Latch 


Figure 8. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, —_ port, Port2 may be placed under handshake control. In this 

bidirectional, CMOS compatible port. Each of these eight = configuration, Port 3 lines P31 and P36 are used as 

I/O lines can be independently programmed as an input — the handshake control lines /DAV2 and RDY2. The hand- 

or output or globally as an open-drain output. Port 2 is | shake signal assignment for Port 3 lines P31 and P36 is 

always available for |/O operation. When used as an I/O __ dictated by the direction (input or output) assigned to P27 
(Figure 9). 


Port 2 (I/O) 
Z86C63 
MCU 


Handshake Controls 
/DAV2 and RDY2 


(P31 and P36) 





Open-Drain 


OEN > - 
@ C ) e 


PAD 


ou —) 


TTL Level Shifter 


aaa 
a 


Figure 9. Port 2 Configuration 


Auto Latch 


re hc dc a a ae 
ee | 
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Port3(P37-P30). Port3 is an 8-bit, CMOS compatible four- — P34) output ports. Port 3, when used as serial I/O, are 
fixed input and four-fixed output port. These eight !/O programmed as serial in and serial out, respectively 
lines have four-fixed (P33-P30) input and four-fixed (P37- (Figure 10). Port 3 inputs have Auto Latches. 


Port 3 


(I/O or Control) 





PAD 
Out 


Port 3 Output Configuration PAD 






Auto Latch 





.eseee ease | 
er 


Port 3 Input Configuration 


Figure 10. Port 3 Configuration 
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Port3 can be configured under software control to provide (IRQ3-IRQO); timer input and output signals. in and eae) 
the following control functions: handshake forPortsOand = and Data Verne Select (/DM). . ee 
2 (/DAV and RDY); four external interrupt request signals 


Table 5. Port 3 Pin Assignments | 


Pin Ife) CTC1 Int. PO HS P1HS P2HS UART | Ext 
P30 IN IRQ3 _ SerialiIn 
P31 IN ie IRQ2 D/R 7 

P32 IN IRQO D/R 

P33 IN IRQ1 D/R | 

P34 OUT | R/D — . ..  ... DM 
P35 OUT R/D eS : Ms 
P36 OUT Tour RID oe 

P37 OUT | Serial Out 

TO | IRQ4 

T1 | IRQ5 
Notes: 


HS = Handshake Signals 
D = Data Available 
R = Ready 
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UART OPERATION 


Port 3 lines P30 and P37, can be programmed as serial 
I/O lines for full-duplex serial asynchronous receiver/trans- 
mitter operation. The bit rate is controlled by the Counter/ 
TimerO. 


The Z86C63/64 automatically adds a start bit and two stop 
bits to transmitted data (Figure 11). Odd parity is also 
available as an option. Eight data bits are always transmit- 
ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 


Transmitted Data (No Parity) 


LS] sP] 07] 06} ps} 04] 03} v2} 01] bo] st 
| L Start Bit 
Eight Data Bits 


Two Stop Bits 


Transmitted Data (With Parity) 


[se] sp] ] ps] 05] ps| 03} o2] 01] vo} sr 
| L Start Bit 


Seven Data Bits 


Odd Parity 
Two Stop Bits 


Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 


Note: UART function is only available when the Z86C63/64 
is in standard timing mode (i.e., PO1M D5 = 0). 


Received Data (No Parity) 


| sP} 07] 6} ps] o4J os] pz] 0] 00} st 


Start Bit 
Eight Data Bits 


One Stop Bit 


Received Data (With Parity) 


s°| P| 6] 05] 04] pa] ne] 0} no} st] 


Start Bit 


Seven Data Bits 


Parity Error Flag 
One Stop Bit 


Figure 11. Serial Data Formats 
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UART OPERATION (Continued) 


Port 4 (P47-P40). Port 4 is an 8-bit, bit programmable, . 


bidirectional, CMOS compatible port. Each of these eight 
I/O lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 4 is always 
available for I/O operation (Figure 12). Port address (F)02. 


Port 5 (P57-P50). Same as Port 4. Port address (F)04. 


Port 6 (P63-P60). Same as Port 4. (Note: this is a 4-bit port, 
Bits D3 to DO.) Port address (F)07. 


Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not being driven by any source. 





Z86C63 
MCU 


Open-Drain 


OEN 


ee 


TTL Level Shifter 


< 


pesos seers 


Port 4 (I/O) 


PAD 


Auto Latch 


Figure 12. Port 4 Configuration 
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FUNCTIONAL DESCRIPTION 
Address Space 


Program Memory. The Z86C63/64 can address up to 32 
Kbytes of external program memory (Figure 13). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. For ROM mode, 
byte 13 to byte 32,768 consists of on-chip ROM. At 
addresses 32,768 and greater, the Z86C63/64 executes 
external program memory fetches. The Z86C96, and the 
Z86C63/64 in ROMless mode, can address up to 64 
Kbytes of external program memory. Program execution 
begins at external location OOOCH after a reset. 


65535 








External 


32.768 ROM and RAM 


32,767 
On-Chip ROM 


Location of 
First Byte of 
Instruction 
Executed 
After RESET 


interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 


Figure 13. Program Memory Configuration 


Data Memory (/DM). The ROM version can address up to 
32 Kbytes of external data memory space beginning at 
location 32,768. The ROMless version can address up to 
64 Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /DM, an optional I/O function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 14). The state of the /DM signal is controlled by the 
type instruction being executed. An LDC opcode refer- 
ences PROGRAM (/DM inactive) memory, and an LDE 
instruction references DATA (/DM active Low) memory. 





65535 
External 
Data 
Memory 
32,768 
32,767 
Not Addressable 
0 


Figure 14. Data Memory Configuration 
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Register File. Tne Register File consists of four I/O port registers for I/O ports 4, 5 and 6 in the Expanded Register 
registers, 236 general-purpose registers and 16 control _— File (Bank F, R9-R2) (Figure 16). 
and status registers (Figure 15). There are eight further | 


Location identifiers 


Ports 0-1 Mode 















R254 SPH 


R253 RP 
R252 FLAGS _ 
R251 IMR 
R250 IRQ 


R249 IPR 














Az45 PO1M 


R247 P3M 
R246 P2M 
R245 PREO 
R244 TO 
R243 PRE1 
R242 11 
R241 TR 
R240 SIO 
R239 


General-Purpose 
Registers 


R4 
R3 P3 
R2 P2 
R1 P1 


RO PO 


Figure 15. Register File 
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Z8 STANDARD CONTROL REGISTERS 


RESET CONDITION 


oe b7{D6| 05] 04) 09] 02] D1] bo 
pufufufufufe fu fu 
pofo}olotofo fo fo} 
ufutufefute fu fu 
pofufufufulu tu fu 














% FF SPL 
REGISTER POINTER 


% FE SPH 
BOBnoano ae __s 


Working Register Expanded Register % FC FLAGS 
Group Pointer Group Pointer % FB a 

% FA R 

% FQ 

% FB PO1M 

M 


f 





2) 


a] 


v 
w 


% F7 
% F6 


% F5 PREO 
Z8 Reg. File % F4 


nD 
= 





pufutufutuly fu ful 
pujututufutu jo fo 


f 
oO 


% F3 PRE1 
% F2 
% FA M 

% FO SiO 


4 
—_ 


4 
Bs) 


EXPANDED REG. GROUP (F) 


REGISTER RESET CONDITION 


[<r OF—-Resoned | 
ae % (F) OE Reserved 
% (F) OD Reserved 
| %(F)0C Reserved _| 
| %(F)0B Reserved _| 
% (F) OA ICE 
Twe(ry00 Pew 
% (F) 08 P6D 
%OF % (F) 07 P6 
%400 L %(F06 PASM 
% (F) 05 P5D 
% (F) 04 P5 
% (F) 02 P4 
% (F) 01 Reserved 
«moo reves | [| 111111. 


EXPANDED REG. GROUP (0) 


REGISTER RESET CONDITION 
Dan noooo 
ufu} uf uf of ul oly) 












% (0) 03 P3 
% (0) 02 P2 





%(0)01 PA fulu}ulul uf ul ol 
% (000 __PO pufuful uf ful ul | 
U = Unknown 


+ = For Z86C96 (ROMless) Reset condition:"10110110" 


Figure 16. Expanded Register File Architecture 
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FUNCTIONAL DESCRIPTION (Continued) 


The instructions can access registers directly or indirectly 
through an 8-bit address field. The Z86C63/64 also allows 
short 4-bit register addressing using the Register Pointer 
(Figure 17). In the 4-bit mode, the Register File is divided 
into 16 working register groups, each occupying 16 con- 
tinuous locations. The Register Pointer addresses the 
starting location of the active working-register group. 


R253 RP 


[07] ps{ os] D4] ba} v2} D1] bo 
i BE css 


Default Setting After Reset = 00000000 


Expanded Register Group 
Working Register Group 


io 17. Regisiter Pointer Register 


Expanded Register File. The register file has been ex- 
panded to allow for additional system control registers, 
and for mapping of additional peripheral devices along 
with I/O ports into the register address area. The Z8 
register address space RO through R15 has now been 
implemented as 16 groups of 16 registers per group. 
These register groups are known as the ERF (Expanded 
Register File). Bits 7-4 of Register RP select the working 
register group. Bits 3-0 of Register RP select the expanded 
register group (Figure 18). Eight I/O port registers reside in 
the Expanded Register File at Bank F. The rest of the 
Expanded Register is not physically implemented and is 
open for future expansion. 


The upper nibble of the register pointer (Figure 17) selects 
which group of 16 bytes in the register file, out of the full 
256, will be accessed. The lower nibble selects the ex- 
panded register file bank and in the case of the Z86C63/ 
64, only Bank Fis implemented. A OH in the lower nibble will 
allow the normal register file to be addressed, but any other 
value from 1H to FH will exchange the lower 16 registers in 
favor of an expanded register group of 16 registers. 
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For example: 
Z86C63: (See Figures 15 and 16) 
R253 RP = OOH RO = Port O R2 = Port 2 
R1 = Port 1 R3 = Port 3 
But if: 
R253 RP = OFH RO = Reserved 
R1 = Reserved 
R2 = Port 4 
R3 = Port 4, Direction Register 
R9 = Port 6, Mode Register 
Further examples: 
SRP #0FH set working group 0 and Bank F 


LD R2, #10010110 Load value into Port 4 using 
working register addressing. 
Load value into Port 4 using 
absolute addressing. 

Load value into Port 6 mode. 
Set working group 1 and Bank F 
Load value into general-purpose 
register 12H 

Load value into general-purpose 
register 12H 

Load value into Port 4 


LD 2, #10010110 


LD 9, #11110000 
SRP #1FH 
LD R2, #11010110 


LD 12H, #11010110 
LD 2, #10010110 


RAM Protect. The upper portion of the RAM’s address 
spaces 80FH to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect 
bit option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user can activate from the internal 
ROM code to turn off/on the RAM Protect by loading a bit 
D6 in the IMR register to either a O or a 1, respectively. A 
1 in D6 indicates RAM Protect enabled. 
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ROM Protect. The first 32 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
“dumping” of the ROM contents by inhibiting execution of 
LDC, LDCI, LDE, and LDEI instructions by external pro- 
gram memory when pointing to internal memory locations. 
Therefore these instructions can be used only when they 
are executed from internal memory, or if they are executed 
from external memory and pointing to external memory 
locations. 


The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. 







7 r6 5 r4 ra r2 ri 0 R253 


» The upper nibble of the register file address 


~ provided by the register pointer specifies 
the active working-register group. 
} R15 to RO 


Register Group 7 


The lower nibble 
of the register 


Specified Working 
Register Group 






file address 
provided by the 
instruction points 


to the specified 
register. 
Register Group 1 R15 to RO 
Register Group 0 R15 to R4 
I/O Ports* R3 to RO 


00 


*Bits D3 to DO are "0" in Register 253. 


Figure 18. Register Pointer 


Stack. The Z86C63/64 has a 16-bit Stack Pointer (R255- 
R254) used for external stack that resides anywhere in the 
data memory for the ROMless mode, but only from 32,768 
to 65535 in the ROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). The high byte of the 
Stack Pointer (SPH-Bit 8-15) can be used as a general 
purpose register when using internal stack only. 


Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro- 
grammable prescaler. The T1 prescaler can be driven by 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 19). 


The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
orescaler drives its counter, which decrements the value 
(1 to 256) thathas been loaded into the counter. When both 
the counters and prescaler reach the end of the count, a 
timer interrupt request, IRQ4 (TO) or IRQ5 (T1), is gener- 
ated. 


The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter- 
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that can be retriggerable or non- 
retriggerable, or as a gate input for the internal clock. Port 
3, line P36, also serves as a timer output (T,,,,) through 
which TO, T1 or the internal clock can be output. The 
counter/timers can be cascaded by connecting the T0 
output to the input of T7. 


Note: When the Z86C63/64 is in extended timing mode 
(PO1M D5 = 1), the system clock output on P36 will stretch 
by one clock cycle during data strobes. 
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FUNCTIONAL DESCRIPTION (Continued) 


Internal Data Bus 


Write 












TO 
Current Value 
Register 


TO 
Initial Value 
Register 


PREO 
Initial Value 
Register 














6-Bit 
Down 























Counter 
Internal IRQ4 
Clock Serial 1/O 
Clock 
External Clock P36 
6-Bit 8-Bit IRQS 


Down 
Counter 


Down 
Counter 









Internal Clock 






















Gated Clock T1 T1 
Triggered Clock Initial Value Initial Value Current Value 
Register Register Register 


TIN P31 : 
Write 


Internal Data Bus 


Figure 19. Counter/Timers Block Diagram 
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Interrupts. The Z86C63/64 has six different interrupts 
from eight different sources. The interrupts are maskable 
and prioritized. The eight sources are divided as follows: 
four sources are claimed by Port 3 lines P33-P30, one in 
Serial Out, one is Serial In, and two in the counter/timers 
(Figure 20). The Interrupt Mask Register globally or indi- 
vidually enables or disables the six interrupt requests. 
When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con- 
trolled by the Interrupt Priority register. All Z86C63/64 
interrupts are vectored through locations in the program 
memory. When an interrupt machine cycle is activated, an 
interrupt request is granted. Thus, this disables all of the 
subsequent interrupts, saves the Program Counter and 
Status Flags, and then branches to the program memory 
vector location reserved for that interrupt. This memory 
location and the next byte contain the 16-bit address of 
the interrupt service routine for that particular interrupt 
request. 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests 
need service. Software initialed interrupts are supported 
by setting the appropriate bit in the Interrupt Request 
Register (IRQ). 


Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction. The interrupt request 
must be valid 5TpC before the falling edge of the last clock 
cycle of the currently executing instruction. 


For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register onto the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 


IRQO - IRQ5 


Global 
Interrupt 
Enable 


Interrupt 
Request 





Vector Select 


Figure 20. Interrupt Block Diagram 
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Clock. The Z86C63/64 on-chip oscillator has a high-gain, 
parallei-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 1 MHz to 20 MHz max, and series resistance (RS) is 
less than or equal to 100 Ohms. The crystal should be 
connected across XTAL1 and XTAL2 using the recom- 
mended capacitors (10 pF < CL < 100 pF) from each pin 
to device ground (Figure 21). 


Note: Actual capacitor values specified by the crystal 
manufacturer. 






XTAL1 


5 al 


External Clock 


XTAL1 XTAL1 


C1 


t 3. 
7 eo XTAL2 


LC Clock 





Ceramic Resonator 
or Crystal 


Figure 21. Oscillator Configuration 


HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en- 
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur- 
rent to 10 pA or less. The STOP mode is terminated by a 
reset, which causes the processor to restart the applica- 
tion program at address OOOCH. 


In order to enter STOP (or HALT) mode, it is necessary to 


first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
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execute a NOP (opcode=OFFH) immediately before the 
appropriate sleep instruction, i.e., . 


FF NOP ; clear the pipeline 
6F STOP - enter STOP mode 
or 
FF NOP ; clear the pipeline 
7F  ~=HALT ; enter HALT mode 

PCON (FH) OFH 


107] be] os} o4] 03} v2} 01 | Do 


= 


Low EMI Oscillator 
0 Low EMI 
1 Standard* 


Low EMI Ports 5-0 
0 Low EMI 

| 1 Standard* 
Reserved (Must be 0) 


*Default Setting After RESET 


Figure 22, Port Configuration Register (PCON) 
(Read/Write) 


Port Configuration Register (PCON). The PCON register 
configures the ports; low EMI on Ports 0, 1, 2, 3, 4, and 5, 
and low EMI oscillator. The PCON register is located in the 
expanded register file at bank F, location 00 (Figure 22). 


Low EMI Ports (D1). Ports can be configured as Low EMI 
Ports by resetting this bit (D1 = 0) or configured as 
Standard Ports by setting this bit (D1 = 1). The default 
value is 1. 


Low EMI OSC (D0). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive, while a O configures the 
oscillator with low noise drive. The low EMI mode will 
reduce the drive of the oscillator (OSC). 


Selecting the Low EMI oscillator changes the internal Z8 
system clock from XTAL/2 to XTAL/1. Maximum clock 
speed is 4 MHz. 
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AS SiLAaS 
ABSOLUTE MAXIMUM RATINGS 
Symbol Description Min Max Units 
Vax oupply Voltage”* -0.3 +7.0 V 
are Storage Temp -65 +150 C 
i Oper Ambient Temp Tf f 
Notes: 


* Voltages on all pins with respect to GND. 
+ See ordering information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 23). 


Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 


From Output 
Under Test 


150 pF 


Figure 23. Test Load Diagram 
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DC ELECTRICAL CHARACTERISTICS 
Z86C63 

T,=0°C 
to +70°C 

Sym Parameter Min Max 

Max Input Voltage / 
V4 Clock Input High Voltage 0.85 V.. Veet 0.3 
V,, Clock Input Low Voltage Vog—0.3 (0.8 
V, Input High Voltage 2 Vogt 0.3 
V, Input Low Voltage Vie=0)3:° 0.2 Vie 
Voy Output High Voltage 24 
Vy Output High Voltage Veg7 100 mV 
Vo, Output High Voltage (Low EMI) 2.4 
V,, Output Low Voltage 0.4 
V,, Output Low Voltage (Low EMI) 0.4 
Vig Outnut | ow Voltage N6 
V,, Output Low Voltage (Low EMI) 0.6 
V,, Reset Input High Voltage 0.85 V, Vog+ 0.3 
V,, Reset Input Low Voltage U3. O2Ve 
|, Input Leakage me 2 
|, Output Leakage =O 2 
| Reset Input Current —80 
| Supply Current (Standard Mode) 30. 
le ~~: Supply Current (Standard Mode) 40 
log: Supply Current (Low EMI) 6.0 
lect Standby Current (Standard Mode) 15 
| Standby Current (Low EMI) 1.6 
| Standby Current 10 
| Auto Latch Low Current —|4 14 


Notes: 

[1] All inputs driven to either OV or V_,, outputs floating. 
[2] Vog = 3.0V to 3.6V 

[3] Vog = 4.5V to 5.5V 
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T, =—40°C 
to +105°C 
Min Max 
/ 
0.85V,, V,,+03 
V..-03 08 
2 V,+03 
Ve-0.3 0.2 Von 
0.4 | 
Voo~ 100 mV 
2.4 
0.4 
0.85V,, V,,+0.3 
03 02V,, 
—2 2 
—2 2 
—80 
35 
40 
1D 
20 
—20 20 


Typical 


at 


25°C 


24 
30 
4.0 
4.5 
0.8 


Units 


I 


25|BE<| <<< 


= i ee 
>Prr Yr 


SE 


Conditions 


ly < 200 pA 
Driven by External Clock Generator 
Driven by External Clock Generator 


loy= 72-0 MA 


100 pA 
~2.0 mA 
+5.0 mA [3] 
+2.0 mA[3] 
+ 
+ 


oO 
= 


4.0 mA [2] 
2.0 mA [2] 


oO 
4 


Vy=OV,V 


"CC 


V, =0V, Vo 


V,,=0V 

i] @ 16 MHz 

[1] @ 20 MHz 

@ 4 Mhz 

[1] HALT Mode V, =OV, V,.@ 16 MHz 
@ 4 MHz 

[1] STOP Mode V,. =0 V, Voc 
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st =. 
a a 
<O~ e 7 
a aces (owl) 
rod fe 
/AS 
—_— - -o- 
ev (5) (6) 
(Read) (7) 
2 
«  Xwnl or 
G o> 
Y) 
(Write) 
) 


Figure 24. External I/O or Memory Read/Write 
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AC CHARACTERISTICS 


External I/O or Memory Read and Write Timing 
Z86C63/64 (16 MHz—Standard Mode Only[4]) - 


T, =0°C to +70°C T, = 40°C to +105°C 


16 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Units Notes 
1 TdA(AS) Address Valid to /AS rise Delay 20 20 ns [2,3] 
2 TdAS(A) /AS rise to Address Float Delay 35 39 ns [2,3] 
3 TdAS(DR) /AS rise to Read Data Req'd Valid 150 150 ns [1,2,3] 
4 TwAS /AS Low Width 40 40 ns [2,3] 
5 TdAZ(DS) Address Float to /DS fall 0 0 ns 
6 TwDSR /DS (Read) Low Width 135 135 ns [1,2,3] 
7 TwOSW /DS (Write) Low Width 80 80 ns [1,2,3] 
8 TdDSR(DR) /DS fall to Read Data Req'd Valid 15 15 ns [1,2,3] 
9 ThDR(DS) Read Data to /DS rise Hold Time 0 0 ns [2,3] 
10 = TdDS(A) /DS rise to Address Active Delay 50 50 ns [2,3] 
11. ~~‘ TdDS(AS) /DS rise to /AS fall Delay 35 30 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS rise Delay 20 20 ns [2,3] 
13 = TdDS(R/W) /DS rise to R//W Not Valid 35 35 ns [2,3] 
14. + TdDW(DSW) — Write Data Valid to /DS fall (Write) Delay 20 20 ns [2,3] 
15 TdDS(DW) /DS rise to Write Data Not Valid Delay 35 35 ns [2,3] 
16 TdA(DR) Address Valid to Read Data Req'd Valid 210 210 ns (1,2,3] 
17.‘ TdAS(DS) /AS rise to /DS fall Delay 45 45 ns [2,3] 
18  TdDM(AS) /DM Valid to /AS rise Delay 20 20 ns [2,3] 
Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. Clock Dependent Formulas 
[3] See clock cycle dependent characteristics table. 
[4] Low EMI is not selected. Number Symbol Equation 
Standard Test Load 7 
All timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. { TdA(AS) 0.40 ToC + 0.32 
2 TdAS(A) 0.59 TpC — 3.25 
3 TdAS(DR) 2.83 TpC + 6.14 
4 TwAS 0.66 TpC — 1.65 
6 TwDSR 2.33 TpC — 10.56 
7 TwDSW 1.27 TpC + 1.67 
8 TdDSR(DR) 1.97 ToC - 42.5 
10 TdDS(A) 0.8 TpC 3 
11 TdDS(AS) 0.59 ToC - 3.14 
12 TdRM(AS) 0.4 TpC 
13 TdDS(RMW) 0.8 TpC -15 
14 TdDW(DSW) 0.4 TpC 
15 TdDS(DW) 0.88 TpC — 19 
16 TdA(DR) 4 TpC - 20 
17 TdAS(DS) 0.91 ToC - 10.7 
18 TdDM(AS) 0.9TpC - 26.3 
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AC CHARACTERISTICS 


External I/O or Memory Read and Write Timing 
Z86C63/64 (20 MHz—Standard Mode Only[4]) 


T,=0°Cto+70°C = T, = -40°C to + 105°C 





20 MHz 20 MHz 
No Symbol Parameter Min Max Min Max Units Notes 
1 TdA(AS) Address Valid to /AS rise Delay 15 25 ns [2,3] 
2 TdAS(A) /AS rise to Address Float Delay 25 35 ns [2,3] 
3 TdAS(DR) /AS rise to Read Data Req'd Valid 120 120 ns [1,2,3] 
4 TwAS /AS Low Width 30 30 ns [2,3] 
5 TdAZ(DS) Address Float to /DS fall 0 0 ns 
6 TwDSR /DS (Read) Low Width 105 105 ns (1,2,3] 
7 TwOSW /DS (Write) Low Width 65 65 ns [1,2,3] 
8 TdDSR(OR) /DS fall to Read Data Req'd Valid a0 55 ns [1,2,3] 
9 ThDR(DS) Read Data to /DS rise Hold Time 0 0 ns [2,3] 
10 ~~ TdDS(A) /DS rise to Address Active Delay 40 40 ns [2,3] 
11. TdDS(AS) /DS rise to /AS fall Delay 20 25 ns (2,3] 
12 TdRAWV(AS) R/W Valid to /AS rise Delay 20 20 ns [2,3] 
13 = TdDS(R/W) /DS rise to R//W Not Valid 25 25 ns [2,3] 
14. TdDW(DSW) Write Data Valid to /DS fall (Write) Delay 20 20 ns [2,3] 
15 = TdDS(DW) /DS rise to Write Data Not Valid Delay 25 25 ns [2,3] 
16 ~~ TdA(DR) Address Valid to Read Data Req'd Valid 150 150 ns (1,2,3] 
17‘ TdAS(DS) /AS rise to /DS fall Delay 35 35 ns [2,3] 
18  TdDM(AS) /DM Valid to /AS rise Delay 15 15 ns (2,3] 
Notes: 


[1] When using extended memory timing add 2 TpC. 

[2] Timing numbers given are for minimum TpC. 

[3] See clock cycle dependent characteristics table. 

[4] Low EMI is not selected. 

Standard Test Load 

All timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. 
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AC CHARACTERISTICS 
Additional Timing Diagram 





Clock 





TIN 





IRQN 





Figure 25. Additional Timing 


AC CHARACTERISTICS 
Additional Timing Table 
Z86C63 (Standard Mode Only) 


T,=0°Cto+70°C = T, = -40°C to +105°C 


20/16 MHz 20/16 MHz 
No Symbol Parameter Min Max Min Max Units Notes 
1 TpC Input Clock Period | | 50/62.5 1000 50/625 1000 | ns [1] 
2 TrC,TfC Clock Input Rise & Fall Times 10 10 | ns [1] 
3 Tw Input Clock Width 25 25 ns [1] 
4 TwTink Timer Input Low Width 15 s ns ~ [2] 
5 TwTinH Timer Input High Width 5 TpC 5 TpC ns [2] 
6 TpTin Timer Input Period 8 TpC 8 TpC ns [2] 
vs TrTin,TfTin Timer Input Rise and Fall Times 100 100 ns [2] 
8a Twi Interrupt Request Input Low Times 70 50 ns [2,4] 
8b ~—s TwiL Interrupt Request Input Low Times 5 TpC 5 TpC ns [2,5] 
9 TwlH Interrupt Request Input High Times 5 TpC 5 TpC ns [2,3] 
Notes: 


[1] Clock timing references use 0.85V_, for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

[3] Interrupt references request through Port 3. 

[4] Interrupt request through Port 3 (P33-P31). 

[5] Interrupt request through Port 30. 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 





Data In 4 Data In Valid > Next Data In Valid 


CQ) 2) 
ean alt Delayed DAV 
4) 
RDY 
(Output) 





Figure 26. Input Handshake Timing 





Data Out d Data Out Valid Next Data Out Valid 


IDAV 
(Output) 





RDY 


Delayed RDY ? 
(Input) 


mn mea ae ae oe ny J 





Figure 27. Output Handshake Timing 
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A 2iLas ADVANCE INFORMATION 28° iachoconpolt = 
AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Table 
Z86C63 
T,=0°Cto+70°C ) §=T, = -40°C to +105°C 

20/16 MHz 20/16 MHz Data 
No Symbol Parameter Min Max Min Max Direction 
1 TsDI(DAV) Data In Setup Time 0 0 IN 
2 ThDI(DAV) Data In Hold Time 145 145 IN 
3 TwDAV Data Available Width 110 110 IN 
4 TADAVI(RDY) DAV Fall to RDY Fall Delay ay ks: 115 IN 
S TdDAVId(RDY) DAV Rise to RDY Rise Delay 115 115 IN 
6 TdRDYO(DAV) RDY Rise to DAV Fall Delay 0 0 IN 
7 TdDO(DAV) Data Out to DAV Fall Delay TpC TpC OUT 
8 TdDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 OUT 
9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 115 OUT 
10 TwRDY RDY Width 110 110 OUT 
11. TdRDYOd(DAV) RDY Rise to DAV Fa!! Delay 445 115 OUT 


; 786C63/64 
A SiLas ADVANCE INFORMATION 78° NICROCONTROLLER 





Z8 CONTROL REGISTER DIAGRAMS 


R240 SIO R243 PRE1 
[57] o6] 65] p4] pa} pe] 01 J bo [07 bs} os { p+] vs] 02} Dt | 00] 


Serial Data (DO =LSB) 


| 


Count Mode 
0 Ti Single Pass 
1 T1Modulo N 


Clock S 
Figure 28. Serial /O Register a Tt inet 


(FOH: Read/Write) ° Ge Moe 


Prescaler Modulo 
(Range: 1-64 Decimal 
R241 TMR OE CO MEN 


1p7[ pe] os] o4] ps] bz] 0: | oo| 


Figure 31. Prescaler 1 Register 


No Function (F3H: Write Only) 
Load TO 


Disable TO Count 
Enable TO Count 


; R244 TO 
No Function 


ine eros] eee] oo] oafor] 


Disable T1 Count 


Enable T1 Count 
TO Initial Value 


TiN Modes (When Written) 





00 External Clock Input (Range: 1-256 Decimal 
01 Gate Input 01-00 HEX) 

10 Trigger Input TO Current Value 

(Non-retriggerable) (When Read) 

11 Trigger Input 

(Retriggerable) 

Tout Modes Figure 32. Counter/Timer 0 Register 

a ea (F4H: Read/Write) 

10 T1 Out 


11. Internal Clock Out 


R245 PREO 


Figure 29. Timer Mode Register 07} De] Ds} D4] D3} D2] D1} Do| 


(F1H: Read/Write) ; 
Count Mode 


0 TO Single Pass 
1 TO Modulo N 


R242 T1 Reserved (Must be 0) 


ero] oor] oof oer] reseae o 


(Range: 1-64 Decimal 


ees ence _— 
T1 Initial Value 
(When Written) 
CHE Figure 33. Prescaler 0 Register 
T1 Current Value (F5H: Write Only) 


(When Read) 


Figure 30. Counter/Timer 1 Register 
(F2H: Read/Write) 
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Z8 CONTROL REGISTER DIAGRAMS (Continued) 


R246 P2M 





| 


P20 - P27 I/O Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 


Figure 34. Port 2 Mode Register 
(F6H: Write Only) 


R247 P3M 


Jb? | 06} 0s | p4 J 03] 2 | Ds | Do | 


0 Port 2 Open Drain 
1 Port 2 Push-pull 


Reserved (Must be 0) 


0 P32 = Input 
P35 = Output 

1 P32 =/DAVO/RDYO 
P35 = RDYO//DAVO 


00 P33= Input 
P34 = Output 

01 | P33 = Input 

10| P34=/DM 

{ if P33 = /DAV1/RDY1 
P34 = RDY1//DAV1 


0 P31 = Input (TIN) 
P36 = Output (TOUT) 

1 P31 =/DAV2/RDY2 
P36 = RDY2//DAV2 


0 P30 = Input 
P37 = Output 

1 P80 = Serial In 
P37 = Serial Out 


0 Parity Off 
1 Parity On 


Figure 35. Port 3 Mode Register 
(F7H: Write Only) 


R248 PO1M | 


[o7] be} bs] 04] 03} be] bt | 00 


i 


POo - POo Mode 
00 Output 
01 Input 
1X At1-As 


Stack Selection 
O External 
1 Internal 


P17 - P10 Mode 
00 Byte Output 
01 Byte Input 
10 AD7-ADo 
11. High-lmpedance AD7 - DAo, 
/AS, /DS, /R/W, Ani - As, 
A1s- Ata, If Selected 


Reserved (Must be 0) 


P07 - P04 Mode 
CO Ouipui 
01 Input 

1X A18-A12 


Figure 36. Port 0 and 1 Mode Register 
(F8H: Write Only) 


R249 IPR 


07] be] ns] 04] oa] 02] 01} Do] 


Interrupt Group Priority 
Reserved = 000 
C >A>B=001 
A>B>C=010 
A>C>B=011 
B>C>A= 100 
C>B>A=101 
B>A>C=110 
Reserved = 111 


IRQ1, IRQ4 Priority (Group C) 
0 IRQi >IRQ4 
1 IRQ4>IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2>IRQ0 
1 IRQO >IRQ2 

IRQS, IRQS Priority (Group A) 
0 IRQ5>IRQ3 
1 IRQ3 > IRQ5 


Reserved (Must be 0) 


Figure 37. Interrupt Priority Register 
(F9H: Write Only) 
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R250 IRQ 


eLyopoo]oopo 


| 


IRQO = P32 Input (DO = IRQO) 
IRQ1 = P33 Input 

IRQ2 = P31 Input 

IRQ3 = P30 Input, Serial Input 
IRQ4=TO Serial Output 
IRQ5 =T1 

00 P31il P32! 

01 P31L P32T 

10 P31T P32l 

141 P3iT P3eT 


Figure 38. Interrupt Request Register 
(FAH: Read/Write) 


R251 IMR 
er [oof] >To 


Enables IRQ5-IRQO 
(Do = IRQO) 


Enables RAM Protect 


Enables Interrupts 


fl 


Figure 39. Interrupt Mask Register 
(FBH: Read/Write) 


R252 FLAGS 
[or {be} 06 jo4| pe} 02 [D1 Loo 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 


iz 


Carry Flag 


Figure 40. Flag Register 
(FCH: Read/Write) 


R253 RP 


[07 | pe} bs] D4} pa} 02] D1} bo} 
| a ae Expanded Register Pointer 
Working Register Pointer 


Figure 41. Register Pointer Register 
(FDH: Read/Write) 


R254 SPH 


[57] be Ds} D4} pa} D2] D1 | Do 


Byte (SP15 - SPs) 


Figure 42. Stack Pointer Register 
(FEH: Read/Write) 


R255 SPL 


[07] D6] D5} D4} D3] D2] 01 | Do} 
a) inceneerans Stack Pointer Lower 


Byte (SP7 - SPo) 


Figure 43. Stack Pointer Register 
(FFH: Read/Write) 
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Z8 EXPANDED REGISTER FILE CONTROL REGISTERS 


P4 (FH) 02H 





eee ee 


O Defines Level 0 
1 Defines Level 1 


Figure 44. Port 4 Data Register 
(F)02: (Read/Write) 


P4D (FH) 03H 


b7 | Ds] 5 [4 [3 | b2 | b+ | bo | 
es) Seiecees P40 - P47 I/O Definition 


0 Defines Bit as Output 
1 Defines Bit as Input* 


*Default After REFSFT 


Figure 45. Port 4 Direction Register 
(F)03: (Write Only) 


P5 (FH) 04H 


07] 06] 05] 4] 03 | pe} 0% | bo) 


Data 
0 Defines Level 0 
1 Defines Level 1 


Figure 46. Port 5 Data Register 
(F)04: (Read/Write) 


P5D (FH) 05H 


er] [os]o«]e<]oafos [oo 
aa: eta see P50 - P57 I/O Definition 


0 Defines Bit as Output 
1 Defines Bit as Input* 


*Default Value After RESET 


Figure 47. Port 5 Direction Register 
(F)05: (Write Only) 


P45M (FH) 06H 


ER ECR 


0 Port 4 Open-drain* 
1 Port 4 Push-pull 


Reserved (Must be 0) 


0 Port 5 Open-drain* 
1 Port 5 Push-pull 


iF 


Reserved (Must be 0) 


*Default Value After RESET 


Figure 48. Port 4/5 Mode Register 
(F)06: (Write Only) 


Dea /Cu\ anv 
ru\riy ures 


|D7} De] 0s] D4] D3} D2} ot} Do 
O Defines Level 0 
1 Defines Level 1 
Reserved (Must be 0) 


Figure 49. Port 6 Data Register 
(F)07: (Read/Write) 


P6D (FH) 08H 


COT TeteeTe 
ar Soman P60 - P63 I/O Definition 


0 Defines Bit as Output 
1 Defines Bit as Input* 


Reserved (Must be 0) 


*Default Value After RESET 


Figure 50. Port 6 Direction Register 
(F)08: (Read/Write) 
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P6M (FH) 09H 


er]oe]o=] ox] oo] oe] oi] oe 


poe 0 Port 6 Open-drain* 


1 Port 6 Push-pull 
*Default Value After RESET 


Figure 51. Port 6 Mode Register 
(F)09: (Write Only) 


ICE (FH) OAH 


o7| LL fesfoe}or foo 
ia: areas Reserved (Must be 0) 


Figure 52. ICE Register 
(F)OA: (Write Only) 


PCON (FH) OFH 


[07] ve} os] D4] 03] ba] D1 bo | 
| Low EMI Oscillator 
O Low EMI 


1 Standard’ 

Low EMI! Ports 5-0 
0 Low EMi 

1 Standard* 


Reserved (Must be 0) 
*Default Setting After RESET 


Figure 53. Port Configuration Register 
(F)OF: (Read/Write) 


9-37 





A ZiLAS 


ADVANCE INFORMATION 


——- 286C63/64 
- Z8® MICROCONTROLLER 





INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to 
describe ihe addressing modes and instruction opera- 
tions as shown in the instruction summary. 


Symbol 
IRR 


Irr 
X 
DA 
RA 
IM 
R 
ft 
IR 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 

indirect working-register address only 
Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol 


9-38 


Meaning 


Destination location or contents 
Source location or contents 
Condition code 

Indirect address prefix 

Stack Pointer 

Program Counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Flags. Control register (R252) contains the following six 


flags: 


Symbol 


TU<ONO 


Meaning 


Carry flag 

Zero flag 

Sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


ae <>, 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 


 2iLAS 
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CONDITION CODES 


Value 


1000 
0111 
1114 
0110 
1110 


1101 
0101 
0100 
1100 
0110 


1110 
1001 
0001 
1010 
0010 


1411 
0111 
1011 
0011 
0000 


Mnemonic 


C 
NC 
Z 
NZ 


PL 
MI 
OV 
NOV 
EQ 
NE 
GE 
LT 
GT 
LE 


UGE 

ULT 

UGT 

6) Es 
F 


Meaning 


Always True 
Carry 

No Carry 
Zero 

Not Zero 


Plus 

Minus 
Overflow 

No Overflow 
Equal 


Not Equal 

Greater Than or Equal 
Less than 

Greater Than 

Less Than or Equal 


Unsigned Greater Than or Equal 
Unsigned Less Than 

Unsigned Greater Than 
Unsigned Less Than or Equal 
Never True (Always False) 


to io owoy 
=— © — — © O-O «4 





=0 ANDZ=0)=1 
OR Z) = 1 


9-39 


A SILAS | ADVANCE INFORMATION 28° WcnOceHCLER 


INSTRUCTION FORMATS 





OPC CCF, DI, El, IRET, NOP, 


RCF, RET, SCF 
|_dst_ | OPC 


One-Byte Instructions 


| opc | MODE | CLR, CPL, DA, DEC, | OPC | MODE | ADC, ADD, AND, CP, 
on [rrvo [ame] SESH ING, No, on [riToT we] 42,08, 586, 508 
RRL RG, SRA, SWAP ae] on Fro tae J 
OPC JP, CALL (indirect) 
Past for Litto] ast_| orc _| MODE | ADC, ADD, AND, CP, 
| LD, OR, SBC, SUB, 
pst for itiol dst_} cM TM, xOR 
OPC SRP VALUE 
VALUE 
wn 


PC 


MODE | OPC LD 
ADC, ADD, AND, CP, oR} 1110 
OR, SBC, SUB, TCM, 
oe TM, XOR | dst FoR Lt to] ast_| 












OPC LD, LDE, LDEI, | MODE | OPC | LD 
ADDRESS 
dst/src | OPC LD 
on {iti0] src uP 
VALUE 
OPC © CALL 
dst/CC | OPC DJNZ, JR DAU 
DAL 
FFH STOP/HALT 
6FH | 7FH 
Two-Byte Instructions Three-Byte Instructions 
INSTRUCTION SUMMARY 
Note: Assignment of a value is indicated by the symbol notation “addr (n)” is used to refer to bit (n) of a given 
“«”". For example: operand location. For example: 
dst — dst + src dst (7) 


indicates that the source data is added to the destination _ refers to bit 7 of the destination operand. 
data and the result is stored in the destination location. The 


9 


iN 
rs) 


A Silas 

INSTRUCTION SUMMARY 
Address Opcode 

Instruction Mode Byte 

and Operation dst src (Hex) 

ADC dst, src Tt 1[ ] 

dstedst + src +C 

ADD dst, src T O[ ] 

dstdst + src 

AND dst, src t AL J 

dste—dst AND src 

CALL dst DA D6 

SP<—SP — 2 IRR D4 

@SP<—PC, 

PCedst 

CCF EF 

CeHNOT C 

CLR dst R BO 

dst0 IR BI 

COM dst R 60 

dst NOT dst IR 61 

CP dst, src t Al J 

dst — src 

DA dst R 40 

dste—DA dst IR 4{ 

DEC dst R 00 

dste—dst — 1 IR 01 

DECW dst RR 80 

dste—dst — 1 IR 81 

DI BF 

IMR(7)}<—0 

DJNZr, dst RA rA 

fer — 1 r=0-F 

ifr #0 

PC<PC + dst 

Range: +127, 

—128 

EI OF 

IMR(7)<-1 

HALT TF 


ADVANCE INFORMATION 


Flags Affected 


CZ 


* OK 


S 


* 


V 


* 


D 
0 


<x 


Instruction 
and Operation 


INC dst 
dstedst + 1 


INCW dst 
dstedst + 1 


IRET 
FLAGS<-@SP; 
SP<—SP + 4 
PC<@SP; 
SP<SP +2: 
IMR(7)<—1 


JP cc, dst 
if cc is true, 
PC—dst 


JR cc, dst 

if cc is true, 
PC+-PC + dst 
Range: +127, 
—128 


LD dst, src 
dstesrc 


LDC dst, src 
dste_src 


LDCI dst, src 
dst<—src 
r—r+1; 
rr—-ir + 1 


Address Opcode 
Mode 


dst src 


[ 


R 
IR 


RR 
IR 


DA 


IRR 
RA 


Bm DAa Tt KT x ~*~ 


DD 


Byte 
(Hex) 


cD 
c=Q-F 
30 


cB 
c=0-F 


Z86C63/64 
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Flags Affected 
C ZS VOD 


- * KK - 


9-44 





A 2ILAG 


INSTRUCTION SUMMARY (Continued) 


Instruction 
and Operation 


NOP 


OR dst, src 
dstedst OR src 


POP dst 
dst@SP; 
SP<SP + 1 


PUSH src 
SP<SP — 1; 
@SPesrc 


RCF 
Ge 


RET 
PC<-@SP; 
SP<SP +2 


RL dst 


SBC dst, src 
dstedst~srce—_C 


SCF 
Ce 


SRA dst 
}7{ 0] 
kn 


SRP dst 
RP<srec 


Address Opcode 


Mode Byte 
dst src (Hex) 
FF 
if 4[ | 
R 50 
IR 51 
R 70 
IR 71 
CF 
AF 
R 90 
IR 91 
R 10 
IR 11 
R EO 
IR E1 
R CO 
IR C1 
t 3[ | 
DF 
R DO 
IR D1 
Im 31 


ADVANCE INFORMATION 


Flags Affected 


CZs 


V 


0 


DH 


Instruction 
and Operation 


STOP 


SUB dst, src 
dstedstesrc 


SWAP dst 


[7 4[3 
; ee 
TCM dst, src 


(NOT dst) 
AND src 


TRA dat arn 
HAVE UL, OIG 


dst AND src 


XOR dst, src 
dstdst 
XOR src 


Address Opcode 


Mode Byte 

dst sre (Hex) 
6F 

t 2[ | 

R FO 

IR F1 

i 6[ | 

fi in 

t BE ] 
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Flags Affected 


C 
1 


Z 


[ 


S V DH 


CS ie 


+ These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a‘[ ]' 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 


For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 


Address Mode 


dst src 
r r 
r Ir 
R R 
R IR 
R IM 
IR IM 


Lower 
Opcode Nibble 


[2] 
[3] 


[4] 


[5] 


[6] 
[7] 
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OPCODE MAP 





Lower Nibble (Hex) 


































0 1 2 3 4 5 6 9 A B c D E F 
6.5 6.5 6.5 6.5 105 | 105 | 105 | 105 | 65 6.5 112/10.5112/10.0) 65 ]12.10.0] 65 
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD] LD LD LD JP INC - 
R1 IR1 r1,r2 | rt, tr2 |R2,R1 JIR2, R1] R1, IM] IR1, IM] rt, R2 | r2,R1 [e1,RA |oc, RA Jrt,IM |cc,DA} rt 
65 6.5 65 6.5 10.5 | 105 | 105 | 105 
1 RLC | RLC | ADC | ADC | ADC | ADC | ADC |] ADC : 
R1 IR1 r1,r2 | rt, ir2 | R2,R1 J IR2,R1] R41, 1M] 1R4, IM 
6.5 6.5 6.5 6.5 105 | 105 | 105 | 105 
2 INC | INC | SUB SUB | SUB | SUB e 
R14 IR1 | ort,r2 | rt, r2 |R2, R17 IR2,R1] R1,IM | IR1, IM 
8.0 | 61 6.5 6.5 10.5 | 105 [ 105 | 105 
3 JP | SRP | SBC | sBC | sBC | SBC | SBC | SBC i 
iRRi | IM ri,r2 | ri, ir2 |R2, Ri |IR2, R11] R1,IM] IR1, IM 
8.5 8.5 6.5 6.5 105 | 105 7 105 | 105 
4 DA DA OR OR OR OR = 
R1 IR1. | rt,r2 { rt, Ir2 | R2,R1 [IR2, R17 R41, 1M | IR, IM 
10.5 | 105 6.5 6.5 705 | 105 7— 105 | 105 
5 POP | POP | AND | AND AND | AND | AND _ 
R14 IR1 | rt, r2 | rt, r2 | R2,R1 |IR2,R1]R1, 1M | IR1, IM 
65 6.5 6.5 6.5 10.5 | 105 | 105 | 105 6.0 
6 Com | COM | TCM | TCM | TCM | TCM | TCM | TCM 
* R1 IR1 r1,r2 | rt, tr2 | R2,R1 |IR2,R1] R41, 1M | IR4, IM 
x= 10/12.1]12/14.17 65 6.5 105 [| 105 | 105 7 105 7.0 
o 7 PUSH | PUSH | TM ™ ™ ™ ™ ™ HALT 
2 rt, 12 IR2,R1] R1,1M | IR1, IM 
z 10.5 | 10.5 | 120 | 180 6.1 
SERIES TT | : 
a RR1 IR4—s | ert, trr2 f rt, trr2 
6.5 6.5 12.0 | 18.0 6.1 
es TTT : 
. R1 IR1— [r2. tert ft lr2, tert 
A INCW | INCW | CP cP cP cP cp cp RET 
RR1 IR1 | rt,r2 | 11, tr2 | R2, R41 JIR2, R1] R41, IM} IR4, IM | 
6.5 6.5 6.5 6.5 105 | 105 | 105 | 10.5 16.0 
a ARIES bel 
R1 IR1 r1,r2 {| r1, ir2 | R2,R1 | IR2, R41] Rt, IMFIRA, IM 
6.5 6.5 12.0 | 18.0 10.5 65 
C | RRC | RRC | LDC | LDCI ae LD RCF 
R1 IR1 rt, Irr2 J ird, Irr2 r1,x,R2 
6.5 6.5 12.0 | 18.0 | 20.0 20.0 | 10.5 6.5 
D SRA | SRA CALL* 4 CALL | LD SCF 
R1 IR1 ri, Irr2 flrd, trr2 | IRR1 DA | r2,x,R1 
6.5 6.5 6.5 10.5 | 10.5 10.5 | 10.5 6.5 
E RR RR | | te | to LD LD LD CCF 
Ri |. IR1 ri, IR2 | R2, R1 JIR2,R1} R1, IM] IR1, IM 
8.5 8.5 6.5 10.5 6.0 
Gebel SE Le = 
R1 IR1 Irt, r2 R2, IR1 





Bytes per Instruction 


fed Legend: 
eee R = 8-bit Address 
: Nibble 
Cycles | Cycles R1 or r1 = Dst Address 
4 R2 or r2 = Src Address 
Upper 10.5 S ; 
Opcode——eA}_ CP. Mnemonic equence: 
Nibble R1, R2 Opcode, First Operand, 
Second Operand 
First Second Note: Blank areas not defined. 
Operand Operand 


*2-byte instruction appears as 
a 3-byte instruction 
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PACKAGE INFORMATION 


E 


Tl 





MILLIMETER INCH 








070 


: 





~ 
| 

~“N 

wa 





| £1 | 1359 | 1422 
100 TYP 






re 





CONTROLLING DIMENSIONS » INCH 


40-Pin Plastic DIP Package 








Al 





45° 0.66/0.51 
026/7.020 


DIM. FROM CENTER 
TO CENTER OF RADII 





pe 11420,64 
.045/7.025 


SYMBOL MILLIMETER 


| MAX | 
pa | 427 | 457_| 
jar | 267 | ese | 









NOTES: 


1, CONTROLLING DIMENSIONS : INCH 
2.LEADS ARE COPLANAR WITHIN .004 IN. 


3. DIMENSION : MM. 
INCH 








| DIvE1 | 1651 | 16.66 _| 
| pe | i524 | 16.00_| 
je | .ea7 tye | __050 typ 


44-Pin PLCC Package 
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eA 


MILLIMETER | INCH | 
SYMBOL 
senna. | ETE 










| at 
|_ ae 
EB 
| Bt 043 
| ¢ | 023 | o38 | ooo | os | 
| op} 740] 587 | | 2.290 | 
| €© | 1ee0/ 1930 { 740 | 760_| 
| et | 








a 
[_e_| 
| a 
| Ss | 





178] 040 | 





S 5 B Bl CONTROLLING DIMENSIONS « INCH 


64-Pin Plastic DIP Package 








Al 


45° 0.66/0,51 
.026/.020 


ay 
= 
__p osizoa6 


/ 
0207014 po 


at 
sw | 
032/.026 


r 44420.64 
1045/.025 


1.21271.067 
.048/7,042 


DIMENSION FROM CENTER 
TO CENTER OF RADII 





NOTES: 
1. CONTROLLING DIMENSIONS : INCH 
2.LEADS ARE COPLANAR WITHIN .004 IN. 
3. DIMENSION + _MM 
INCH 





| os 127 TYP 050 TYP 


68-Pin PLCC Package 
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A Silas ADVANCE INFORMATION 28® MICROCONTROLLER 
ORDERING INFORMATION | 
Z86C63/64 

16 MHz 

40-pin DIP 44-pin PLCC 

Z86C6316PSC Z86C6316VSC 

16 MHz 

64-pin DIP 68-pin PLCC 

Z86C6416PSC Z86C6416VSC 

20 MHz 

64-pin DIP 68-pin PLCC 


Z86C6420PSC Z86C6420VSC 


For fast results, contact your local Zilog sales office 
for assistance in ordering the part desired. 


Codes 


Package 
P = Plastic DIP 
V = Plastic Chip Carrier 


Temperature 
S= OC IO +/0°C 
E = —40°C to +105°C 


Speed 
16 = 16 MHz 
20 = 20 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 86C63 16 P S$ C is an 86C63, 16 MHz, DIP O°C to +70°C, Plastic Standard Flow 


| z Environmental Flow 
Temperature 


Package 
Speed 

Product Number 
Zilog Prefix 
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Z86E21 CMOS Z8° 
8K OTP Microcontrolle 


286C61/62/96 CMOS Z8° 
Microcontrolle 


Z86063/64 32K ROM Z8° 
CMOS Microcontrolle 


286691 CMOS Z8° 
ROMiess Microcontroller 


286693 CMOS Z8° Multiply/ 
Divide Microcontroller 


Support Products 


Superintegration™ 
Products Guide 


Zilog's Literature Guide 
Ordering Information 



































A SILAS 


FEATURES 
m 8-Bit CMOS Microccntroller 


m 40-Pin DIP, 44-Pin PLCC, or 44-Pin QFP Package 

m 4.5V to 5.5V Operating Range 

m Low Power Consumption - 275 mW (max) @ 20 MHz 
m Fast Instruction Pointer - 1.0 us @ 12 MHz 

m Two Standby Modes - STOP and HALT 

m 24 Input/Output Lines 

m Full-Duplex UART 

m@ All Digital Inputs are TTL Levels 


m Auto Latches 


GENERAL DESCRIPTION 


The Z86C91 microcontroller (MCU) introduces a new level 
of sophistication to single-chip architecture. The Z86C91 
is amember of the ROMless Z8 single-chip microcontroller 
family with 236 bytes of RAM. 


The MCU is packaged in a 40-pin DIP, 44-pin PLCC, ora 
44-pin QFP, and is manufactured in CMOS technology. 
The Z86C91 is a ROMless part and offers the use of 
external memory which enables this Z8 microcontroller to 
be used where code flexibility is required. 


Zilog’s CMOS microcontroller offers fast execution, efficient 
use of memory, sophisticated interrupts, input/output bit 
manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 


PRODUCT SPECIFICATION 


286691 


CMOS Z8® ROMLESS 
MICROCONTROLLER 


m ROMiess 


m 256 Byte Register File 
- 236 Bytes of General-Purpose RAM 
- 16 Bytes Control and Status Register 
- 4 Bytes for Ports 


m Two Programmable 8-Bit Counter/Timers each with 
6-Bit Programmable Prescaler. 


m = Six Vectored, Priority Interrupts from Eight Different 
Sources 


m Clock Speeds 12, 16, and 20 MHz 


m On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive. 


The Z86C91 architecture is characterized by Zilog’s 8-bit 
microcontroller core. The device offers a flexible |/O 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, I/O, anda 
number of ancillary features that are useful in many indus- 
trial and advanced scientific applications. 


For applications which demand powerful I/O capabilities, 
the Z86C91 offers 24 pins dedicated to input and output. 
These lines are grouped into four ports. Each port consists 
of eight lines, and is configurable under software control to 
provided timing, status signals, serial or parallel |/O with or 
without handshake, and an address/data bus for interfac- 
ing external memory. 
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GENERAL DESCRIPTION (Continued) 


There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 general-purpose registers. 


To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu- 
nication, the Z86C91 offers two on-chip counter/timers 
with a large number of user selectable modes, and a 
universal asynchronous receiver/transmitter (Figure 1). 









Notes: 
All Signals with a preceding front slash, "/", are active Low, ée.g., 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 


Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Voc V6 
Ground GND V 


ss 


XTAL /AS /DS R//W /RESET 


Machine Timing and 
Instruction Control 


Output Input Vec GND 
ac eK 
Port 3 
UART 


Counter/ 


Timers 


(2) 


Interrupt 
Control 









Port 2 


(Bit Programmable) 


Register 
Pointer 


Register File 
256 x 8-Bit 


Hy 


I/O Address or I/O 








_ Program 
Counter 


Address/Data 


(Nibble Programmable) 


Figure 1. Functional Block Diagram 
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PIN DESCRIPTION 


VCC 
XTAL2 
XTAL1 

P37 
P30 
/RESET 
R//W 
/DS 
/AS 
P35 
GND 
P32 
POO 
P01 
P02 
P03 
P04 
P05 
P06 
P07 


Figure 2. 


oO on On Oo fF W BS — 


— ak 
— Oo 


40-Pin DIP Pin Assignments 


Z86C91 
DIP 





P36 
P31 
P27 
P26 
P25 
P24 
P23 
p22 
P21 
P20 
P33 
P34 
P17 
P16 
P15 
P14 
P13 
P12 
P11 
P10 


a 
= 
tf 


= OONM| OAfFWNDY — 


Table 1. 40-Pin DIP Pin Identification 


Symbol 


Voc 
XTAL2 
XTAL1 
P37 
P30 


{RESET 
R//W 
/DS 
[AS 
P35 


GND 
P32 
POO-PO7 
P10-P17 
P34 


P33 
P20-P27 
P31 
P36 


Function 


Power Supply 

Crystal, Oscillator Clock 
Crystal, Oscillator Clock 
Port 3 pin 7 

Port 3 pin O 


Reset 
Read/Write 
Data Strobe 
Address Strobe 
Port 3 pin 5 


Ground 
Port 3 pin 2 


Port O pins 0,1,2,3,4,5,6,7 
Port 1 pins 0,1,2,3,4,5,6,7 


Port 3 pin 4 
Port 3 pin 3 


Port 2 pins 0,1,2,3,4,5,6,7 


Port 3 pin 1 
Port 3 pin 6 


Direction 


Input 
Output 
Input 
Output 
Input 


Input 

Output 
Output 
Output 
Output 


Input 
Input 
In/Output 
In/Output 
Output 


Input 
In/Output 
Input 
Output 
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ROMLEss MCU 
PIN DESCRIPTION (Continued) 
/RESET N/C 
R//W P24 
/DS P23 
/AS | P22 
P35 | | P2i 
| Z86C91 ) 
GND PLCC : P20 
P32 | P33 
POO P34 
P01 P17 
Po2 P16 
GND P15 
9 +T WH © S or NO Tt O 
Set aaeaaoaaaaad 
Figure 3. 44-Pin PLCC Pin Assignments 
Table 2. 44-Pin PLCC Pin Identification 
Pin# Symbol Function Direction Pin# Symbol Function Direction 
| Va6 Power Supply Input 14-16 POO-PO2  PortO pins 0,1,2 In/Output 
2 XTAL2 Crystal, Oscillator Clock Output 17 GND Ground Input 
3 XTAL1 Crystal, Oscillator Clock Input 18-22 PO3-PO7 PortO pins 3,4,5,6,7 In/Output 
4 P37 Port 3 pin 7 Output 23-27 P10-P14 Port 1 pins 0,1,2,3,4 In/Output 
5 P30 Port 3 pin O Input 28 N/C Not Connected Input 
6 N/C Not Connected Input 29-31 P15-P17 Port 1 pins 5,6,7 In/Output 
7 /RESET Reset Input 32 P34 Port 3 pin 4 Output 
8 R//W Read/Write Output 33 P33 Port 3 pin 3 Input 
9 /DS Data Strobe Output 34-38 P20-P24 Port 2 pins 0,1,2,3,4 In/Output 
10 /AS Address Strobe Output 39 N/C Not Connected Input 
1 P35 Port 3 pin 5 Output 40-42 P25-P27 Port 2 pins 5,6,7 In/Output 
12 GND Ground Input 43 P31 Port 3 pin 1 Input 
13 P32 Port 3 pin 2 Input 44 P36 Port 3 pin 6 Output 








. 286091 
A 2iLas ROMLEss MCU 
2209 
PRKEKSSERERE SE 
/RESET [_IT _] TTT _] GND 
W/W [T_T TT] P24 
JAS [TT 9T_ TT P22 
P35 LTT 
Ce 4 Pet 
Z86C91 
ce a TTT] P33 
oe -—TT—] P34 
Po2 (_ITT 1] [TI] P16 
GND (_I[ 1] [TT J P15 
123 4 5 0 
7 ill 7 : HE : : : 
owtrnoore OoOrn moet 
et&&t& eg g&Eataa 
Figure 4. 44-Pin QFP Pin Assignments 
Table 3. 44-Pin QFP Pin Identification 
Pin# Symbol Function Direction Pin# Symbol Function Direction 
1-5 PO3-PO7 ~=Port O pins 3,4,5,6,7 In/Output 31 XTAL1 Crystal, Oscillator Clock Input 
6 GND Ground Input 32 PST Port:3 pin: 7 Output 
7-14  P10-P17 ~~ Port 1 pins 0,1,2,3,4,5,6,7 In/Output 33 P30 Port 3 pin O Input 
15 P34 Port 3 pin 4 Output 34 /RESET Reset Input 
16 P33 Port 3 pin 3 Input 35 R//W Read/Write Output 
17-21 P20-P24 Port 2 pins 0,1,2,3,4 InfOutput 36 /DS Data Strobe Output 
22 GND Ground Input 37 IAS Address Strobe Output 
23-25 P25-P27 Port 2 pins 5,6,7 In/Output 38 P35 Port 3 pin 5 Output 
26 P31 Port 3 pin 1 Input 39 GND Ground Input 
27 P36 Port 3 pin 6 Output 40 P32 Port 3 pin 2 Input 
28 GND Ground Input 41-43 POO-PO2 PortO pins 0,1,2 In/Output 
29 Voc Power Supply Input 44 GND Ground Input 
30 XTAL2 Crystal, Oscillator Clock Output ge ee a es ae 
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PIN FUNCTIONS 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external program. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS can be placed in the high- 
impedance state along with Ports 0 and 1, Data Strobe, 
and Read/Write. 


_XTAL1, XTAL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
singlé-pnase CiockK to ine on-chip oscillator and buffer. 


R//W (output, write Low). The Read//Write signal is Low 
when the MCU is writing to the external program or data 
memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C91 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. 


On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
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held active Low while /AS cycles at a rate of ToC2. When 
/RESET is deactivated program, execution begins at loca- 
tion O00C (HEX). Power-up reset time is held Low for 50 ms, 
or until V., is stable, whichever is longer. 


Port 0 (PO7-PO0O). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight I/O lines 
are configured under software control as a nibble I/O port, 
or as an address port for interfacing external memory. 
When used as an |/O port, Port O may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data available and Ready). Handshake signal 
assignment is dictated by the I/O direction of the upper 
nibble PO7-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 


For external memory references, Port O provides Address 
bits A11-A8 (lower nibble) or A15-A8 (lower and upper 
nibble) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
Port 0 can be programmed independently as I/O while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for I/O operation, they must be configured by 
writing to the Port O Mode register. 


After a hardware reset, Port 0 lines are defined as address 
lines A15-A8, and extended timing is set to accommodate 
slow memory access. The initialization routine includes 
reconfiguration to eliminate this extended timing mode 
(Figure 5). 


786091 
A Silas ROMLess MCU 





Port 0 (I/O) 


Z86C91 
MCU 


Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 





OEN > 
@ 
> 


PAD 





out amnen BP - 


TTL Level Shifter 
In <4 


Auto Latch 


AN 
A 


fa 


Figure 5. Port 0 Configuration 
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PIN FUNCTIONS (Continued) 





Port 1 (P17-P10). Port 1 is an 8-bit, TTLcompatible port. |t | Port 1 canbe placed ina high-impedance state along with 
has multiplexed Address (A7-AO) and Data(D7-D0) ports = Port 0, /AS, /DS, and R/M, allowing the MCU to share 
for interfacing external memory. common resources in multiprocessor and DMA applica- 

tions. Data transfers are controlled by assigning P33 as a 
If more than 256 external locations are required, PortO |§ Bus Acknowledge input, and P34 as a Bus request output 
must output the additional lines. (Figure 6). 





Z86C91 Port 1 
MCU (AD7-ADO) 


OEN PS 
e 
>— 


PAD 


Ou ———) 


TTL Level Shifter 
In < 


Auto Latch 


AN 


Bex 


Figure 6. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, TTL compatible port. Each of these eight I/O 
lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for I/O operation. When used as an I/O port, Port 


Z86C91 
MCU 


Open-Drain 


OEN > 
® 





2 is placed under handshake control. In this configuration, 
Port 3 lines P31 and P36 are used as the handshake control 
lines (DAV2 and RDY2. The handshake signal assignment 
for Port 3 lines P31 and P36 is dictated by the direction 
(input or output) assigned to P27 (Figure 7). 


Port 2 (I/O) 


Handshake Controls 
/DAV2 and RDY2 


(P31 and P36) 


PAD 


Out ee 


TTL Level Shifter 


In <j 


AN 
x 


Auto Latch 


Figure 7. Port 2 Configuration 
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PIN FUNCTION (Continued) 


Port 3 (P37-P30). Port 3 is an 8-bit, TTL compatible four 


fixed input and four fixed output port. These eight I/O lines - 


have four-fixed (P33-P30) input and four fixed (P37-P34) 
output ports. Port 3, when used as serial I/O, are 
programmed as serial in and serial out, respectively 
(Figure 8). Port 3 inputs only are designed with Auto 
Latches. 


Port 3 is configured under software control to provide the 
following control functions: handshake for Ports O and 2 
(/DAV and RDY); four external interrupt request signals 
(IRQ3-IRQO); timer input and output signals (T,, and T 
and Data Memory Select (/DM) (Table 4.) 


our): 





Z86C91 
MCU 


Port 3 
(I/O or Control) 





TTL Level Shifter 


Port 3 Output Configuration PAD 





(2432 ee. 





Auto Latch 


L. 


Port 3 Input Configuration 


Figure 8. Port 3 Configuration 
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Table 4. Port 3 Pin Assignments 
Pin V/O CTC1 Int. PO HS P1HS P2 HS UART Ext 
P30 IN IRQ3 Serial In 

P31 IN le IRQ2 D/R 
P32 IN IRQO D/R 
P33 IN IRQ1 D/R 
P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT Tour R/D 
Pot OUT Serial Out 
TO IRQ4 
TI IRQ5 
Notes: 


HS = HANDSHAKE SIGNALS 
D = Data Available 
R = Ready 


UART OPERATION 


Port 3 lines P30 and P37, are programmed as serial I/O 
lines for full-duplex serial asynchronous receiver/trans- 
mitter operation. The bit rate is controlled by the Counter/ 
TimerQ. 


The Z86C91 automatically adds a start bit and two stop 
bits to transmitted data (Figure 9). Odd parity is also 
available as an option. Eight data bits are always transmit- 
ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 


Transmitted Data (No Parity) 


[sp] sp] D7] 6} 05] 4 |p | p2| D1 {po | sT| 
, | L Start Bit 
Eight Data Bits 


Two Stop Bits 


Transmitted Data (With Parity) 


sp} sp] P| D6| 05] D4] ps] pz] p1| bo | st 
| L Start Bit 


Seven Data Bits 


Odd Parity 
Two Stop Bits 


Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 


Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not driven by any source. 


Received Data (No Parity) 


P| 07| 06} ps | +} 03] p2] 01 | bo} st 
| Li Start Bit 
Eight Data Bits 


One Stop Bit 


Received Data (With Parity) 


[se] P } 06] ps} 04] 03 | p2| 01 | bo} sr 
| Le Start Bit 


Seven Data Bits 


Parity Error Flag 
One Stop Bit 


Figure 9. Serial Data Formats 
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‘ Z86C91 
A Silas ROMLess MCU 
FUNCTIONAL DESCRIPTION 

Address Space 


Program Memory. The Z86C91 can address up to 64 
Kbytes of external program memory (Figure 10). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. Program execu- 
tion begins at external location OOOCH after a reset. 


65535 


External 
ROM and RAM 


Location of 
First Byte of 
Instruction 
Executed 
After RESET 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 





Figure 10. Program Memory Configuration 
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Data Memory (/DM). The Z86C91 addresses up to 64 
Kbytes of external data memory space. External data 
memory is included with, or separated from, the external 
program memory space. /DM, an optional I/O function that 
can be programmed to appear on P34, is used to distin- 
guish between data and program memory space (Figure 
11). The state of the /DM signal is controlled by the type 
instruction being executed. An LDC opcode references 
PROGRAM (/DM inactive) memory, and an LDE instruction 
references DATA (/DM active Low) memory. 


65535 


External 
Data 
Memory 





Figure 11. Data Memory Configuration 
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Register File. The Register File consists of three |/O port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 12). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C91 also allows short 4-bit register 
addressing using the Register Pointer (Figure 13). In the 
4-bit mode, the Register File is divided into 16 working 


LOCATION IDENTIFIERS 


hee | 






R255 SPL 


R254 SPH 






R253 RP 






R252 FLAGS 






R251 IMR 






R250 IRQ 






R249 IPR 






R248 PO1M 






R247 P3M 






R246 P2M 





R245 PREO 






R244 TO 






R243 PRE1 






R242 T1 






R241 TMR 






R240 SiO 







R239 


General-Purpose 
Registers 





R4 
R3 P3 
R2 P2 
Rt Pt 


RO PO 


Figure 12. Register File 


register groups, each occupying 16 continuous locations. 
The Register Pointer addresses the starting location of the 
active working-register group. For the reset and power-up 
conditions of the Register File see Figure 14. 


Note: Register Bank EO-EF is only accessed through 
working register and indirect addressing modes. 





7 r6 5 r4 r3 2 ri 0 R253 
(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


FF 
—_ R15 to RO 
FO 





The lower nibble 
of the register 


Specified Working Seeds) — 
Register Group instruction points 
2F to the specified 
_o register. 
20 ae 
1F 
=< Register Group 1 R15 to RO 
10 


F . 
: Register Group 0 R15 to R4 


1/O Ports R3 to RO 





00 


Figure 13. Register Pointer 
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FUNCTIONAL DESCRIPTION (Continued) 





REGISTER POINTER Z8 STANDARD CONTROL REGISTERS 


bz} D6] 05} 04] of o| of o| 


Working Register 
Group Pointer 


RESET CONDITION 


REGISTER p7{pe} ps] D4] ps] 02} D100 


fu} uf uf uf ufuful ol 
pul uf uf ufufulful ol 
pu} uf ufufufefoufe 
pol uf uf uf ujufuly 
fof of of ofofofojo 
pul uf uf uf ufupotu 
spol st sfots tito 
fof of of ofofofojo 
ENED El ENE 


























Z8 REGISTER FILE 





FF 
%FO 


fie eas 


%7F 












REGISTER | RESET CONDITION 
*40F | %(0)03 PS 







= peor pe fulufufufufefulul 
Notes: 


1. General-purpose registers are not reset 
after Stop-Mode Recovery or after a Reset. 


% (0) 00 PO 
2. General-purpose registers are undefined 


after Power-up. U = Unknown 


ofutufufufotufu 


Figure 14. RAM Register File Reset Condition 


Stack. The Z86C91 has a 16-bit Stack Pointer (R255- —s registers (R239-R4). The High byte of the Stack Pointer 
R254) used for external stack that resides anywhereinthe §(SPH-Bit 8-15) is used as a general purpose register when 
data memory. An 8-bit Stack Pointer (R255) is used forthe — using internal stack only. | 
internal stack that resides within the 236 general-purpose 
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Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro- 
grammable prescaler. The T1 prescaler is driven by inter- 
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 15). 


The 6-bit prescalers divide the input frequency of the clock 
source by any integer number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When both the 
counter and prescaler reach the end of the count, a timer 
interrupt request, IRQ4 (TO) or IRQ5 (T1), is generated. 


The counter can be programmed to start, stop, restart to 


continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 


Write 


OSC 







Internal 
Clock 


External Clock 


Clock 
Logic 


Internal Clock 
Gated Clock 
Triggered Clock 







Tin P31 
Write 


PREO 
Initial Value 
Register 


6-Bit 
Down 
Counter 











6-Bit 
Down 
Counter 







PRE1 
Initial Value 
Register 


pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counter, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter- 
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that can be retriggerable or non- 
retriggerable, or as a gate input for the internal clock. Port 
3 line P36 also serves as a timer output (T,,,) through 
which TO, T1 of sub the internal clock is output. The 
counter/timers are cascaded by connecting the TO output 
to the input of T1 


Internal Data Bus 
















TO 
Initial Value 
Register 


TO 
Current Value 
Register 

























Counter IRQ4 
Serial I/O 
Clock 
TOUT 
P36 
Spt IRQS 
Down 
Counter 













T1 
Initial Value 
Register 


T1 
Current Value 
Register 


Internal Data Bus 


Figure 15. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 


Interrupts. The Z86C91 has six different interrupts from 


eight different sources. The interrupts are maskable and — 


prioritized. The eight sources are divided as follow: four 
sources are claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
16). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
_ than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register (Refer to Table 4). 


All Z86C91 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis- 
ables all of the subsequent interrupts, save the Program 
Counter and Status Flags, and then branches to the 
program memory vector location reserved for thatinterrupt. 
This memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 


Global 
Interrupt 
Enable 


Interrupt 
Request 


PRIORITY 
LOGIC 


Vector Select 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests need 
service. Software initialed interrupts are supported by 
setting the appropriate bit in the Interrupt Request register 
(IRQ). 


Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt — 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 


When the device samples a valid interrupt request, the 
next 48 (external) clock cycles are used to prioritize the 
interrupt, and push the two PC bytes and the FLAG register 
onthe stack. The following nine cycles are used to fetch the 
interrupt vector from external memory. The first byte of the 
interrupt service routine is fetched beginning on the 58th 
TpC cycle following the internal sample point, which cor- 
responds to the 63rd ToC cycle following the external 
interrupt sample point. | 


IRQO - IRQ5 





Figure 16. Interrupt Block Diagram 
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Clock. The Z86C91 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT 
cut, 1 MHz to 20 MHz max, and series resistance (RS) less 
than or equal to 100 Ohms. The crystal should be con- 
nected across XTAL1 and XTAL2 using the recommended 





XTAL1 
C1 =I C1 
Pint1 = Pin 11 = 
XTAL2 
C2 T C2 
we Pin — Pin 11 
Ceramic Resonator LC Clock 


or Crystal 


capacitors (10 pF < CL < 300 pF) from each pin 11 ground 
instead of just the system ground. This prevents noise 
injection into the clock inputs (Figure 17). 


Note: Actual capacitor values specified by the crystal 
manufacturer. 


XTAL1 XTAL1 


XTAL2 XTAL2 


External Clock 


Figure 17. Oscillator Configuration 


HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQ0, IRQ1, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en- 
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur- 
rent to 5 pA (typical) or less. The STOP mode is terminated 
by a reset, which cause the processor to restart the 
application program at address OOOCH. 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode = OFFH) immediately before the 
appropriate sleep instruction, i.e., 


FF NOP _ ; clear the pipeline 

6F STOP ; enter STOP mode 
or 

FF NOP _ ; clear the pipeline 

7F HALT ; enter HALT mode 
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ABSOLUTE MAXIMUM RATINGS 





Stresses greater than those listed under Absolute Maxi- 


Symbo! Description Min Max Units ,; 
Ss mM Ratings May cause permanent damage to the de- 
Vid Supply Voltage* =o: 270 V vice. This is a stress rating only; operation of the device at 
ie Storage Temp -~65 +150 any condition above those indicated in the operational 
: Oper Ambient Temp + °C sections of these specifications is not implied. Exposure to 
ee : absolute maximum rating conditions for an extended pe- 


* Voltages on all pins with respect to GND. riod may affect device reliability. 


t See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test +5V 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 18). re 
From Output 
Under Test 


150 pF 9.1 kQ 


Figure 18. Test Load Diagram 
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DC CHARACTERISTICS 








T, =0°C T, = 40°C Typical 
to +70°C to +105°C at 
Sym Parameter Min Max Min Max 25°C Units Conditions 
Max Input Voltage 7 7 V ly < 200 pA 

Vy Clock Input High Voltage 3.8 Vo¢t0.3 3.8 V_t0.3 V Driven by External Clock Generator 
V,, Clock Input Low Voltage —0.3 0.8 0.3 0.8 V Driven by External Clock Generator 
V, Input High Voltage 2 V.¢t0.3 2.0 Vct0.3 V 
V, Input Low Voltage —0.3 0.8 —0.3 0.8 V 
Voy Output High Voltage 2.4 2.4 V ly = 2-0 mA 
V4 Output High Voltage Veg ~100 mV Veg —100 mV V ly = 100 pA 
V,, Output Low Voltage 0.4 0.4 V |= +20 mA 
V,, Reset Input High Voltage 3.8 Vect0.3 3.8 Vet 0.3 V 
V,, Reset Input Low Voltage —).3 0.8 0.3 0.8 V 
a Input Leakage —2 2 —2 2 PAV, = OV. VEG 
|, Output Leakage =e 2 “0 2 PAV, = OV, Vi 
|, Reset Input Current -80 -80 pA V, = OV 
lc 4 Supply Current 30 30 20 mA @12Mkz(1] 

35 35 24 mA @16Mkz(1] 

50 50 mA @20Mtz(1] 
lc, standby Current 6.5 6.5 4 mA HALT mode V,, = OV, V,, @ 12 MHz [1] 

7 i 45 mA HALT mode V,, = OV, V,, @ 16 MHz [1] 

8.5 8.5 mA HALT mode V,, = OV, V,, @ 20 MHz [1] 
loco Standby Current 10 20 1 yA STOP mode V,, = OV, V,. [1] 
4, Auto Latch Low Current =|) 10 -14 14 9 pA 
Note: 


[1] All inputs driven to either OV or V_,,, outputs floating. 
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R//W ( 





Port 0, /DM t | 


— Port 1 tT | A7-AO { D7-DOIN | 


/AS \. 
Or © 
(Read) (7) 
@ 
oe Xeel - 


' a, ee 
(Write) 
| @ 


Figure 19. External I/O or Memory Read/Write Timing 











Lap 
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AC CHARACTERISTICS 
External I/O or Memory Read or Write Timing Table 


No Sym 


TdA(AS) 
TdAS(A) 
TdAS(DR) 


TwAS 
TdAZ(DS) 
TwDSR 


TwDSW 
TdDSR(DR) 
ThDR(DS) 


TADS(A) 
11 TdDS(AS) 
TdR/W(AS) 


TdDS(R/W) 
TdDW(DSW) 
TdDS(DW) 


TGA(DR) 
TdAS(DS) 
TADM(AS) 


Notes: 


co ™ On & ope — 


co 


Parameter 


Address Valid to /AS Rise Delay 
/AS Rise to Address Float Delay 
/AS Rise to Read Data Req'd Valid 


/AS Low Width 
Address Float to /DS Fall 
/DS (Read) Low Width 


/DS (Write) Low Width 
/DS Fall to Read Data Req'd Valid 
Read Data to /DS Rise Hold Time 


/DS Rise to Address Active Delay 
/DS Rise to /AS Fall Delay 
R//W Valid to /AS Rise Delay 


/DS Rise to R//W Not Valid 
Write Data Valid to /DS Fall (Write) Delay 
/DS Rise to Write Data Not Valid Delay 


Address Valid to Read Data Req'd Valid 
/AS Rise to /DS Fall Delay 
/DM Valid to /AS Rise Delay 


[1] When using extended memory timing add 2TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. 


Standard Test Load 


35 
45 


90 
0 
185 


110 


0 


65 
45 
30 


50 
35 
she) 


65 
90 


All timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 


T, = 0°C to +70°C 
12MHz 16 MHz 


250 


130 


310 


25 
35 


40 
0 
135 


80 


0 


50 
35 
25 


35 
25 
35 


45 
30 


20 
25 
180 
30 
0) 
105 
65 
15 
0 
40 
25 
20 
25 
20 
25 
230 
35 
20 
Number 
{ 
2 
3 
4 
6 
rf 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 


T, = 40°C to +105°C 





20 MHz 12MHz 16MHz 20 MHz 
Min Max Min Max Min Max Min Max Min Max Min Max Units Notes 

35 25 20 ns [2,3] 
45 30 25 ns [2,3] 

150 250 180 150 ons [1,2,3] 
bo 40 30 ns [2,3] 
0 0 0 ns 
185 135 105 ns [1,2,3] 
110 80 65 ns [1,2,3] 

55 130 75 55 ons [1,2,3] 
0 0 0 ns [2,3] 
65 50 40 ns [2,3] 
45 35 25 ns [2,3] 
33 25 20 ns [2,3] 
50 35 25 ns [2,3] 
35 25 20 ns [2,3] 
55 30 25 ns [2,3] 

180 310 230 180 ns [1,2,3] 
65 45 35 ns [2,3] 
50 30 20 ns [2,3] 

Clock Dependent Formulas 
Symbol Equation 
TdA(AS) 0.40TpC + 0.32 
TdAS(A) 0.59TpC - 3.25 
TdAS(DR) 2.38TpC + 6.14 
TWAS O0.66TpC — 1.65 
TwDSR 2.33TpC — 10.56 
TwDSW 1.27TpC + 1.67 
TdDSR(DR) 1.97TpC —- 42.5 
TdDS(A) 0.8TpC 
TdDS(AS) 0.59TpC — 3.14 
TdR/W(AS) 0.4TpC 
TdDS(R/W) O.8TpC - 15 
TdDW(DSW) 0.4TpC 
TdDS(DW) 0.88TpC — 19 
TdA(DR) A4TpC - 20 
TdAS(DS) 0.91TpC — 10.7 
TdDM(AS) O0.9TpC —- 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 





Figure 20. Additional Timing 


AC CHARACTERISTICS 


Additional Timing Table 


No Sym Parameter 

1 = TpC Input Clock Period 

2 TrC,TfC Clock Input Rise & Fall Times 

3. TwC Input Clock Width 

4 TwTint Timer Input Low Width ~ 

5 TwiinH Timer Input High Width 

6 = TpTin Timer Input Period 

7 = Trlin,TfTin = Timer Input Rise & Fall Times 

8A TwiL Interrupt Request Input Low Times 
8B TwiL Interrupt Request Input Low Times 
9 TwiH Interrupt Request Input High Times 
Notes: 


T, = 0°C to +70°C 
12MHz 16MHz 20MHz 


83 1000 625 1000 50 1000 83 


15 10 10 

35 25 15 35 
15 1 75 15 
5TpC 5TpC 5TpC 5TpC 
8TpC 8TpC 8TpC 8TpC 
100 100 100 100 
70 70 70 70 
5TpC 5TpC oTpC 5TpC 
oTpC 5TpC 5TpC 5TpC 


[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 


[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31). 
[5] Interrupt request through Port 30. 
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12 MHz 


T, = —40°C to +105°C 
16 MHz 
Min Max Min Max Min Max Min Max Min Max Min Max Units Notes 


20 MHz 


1000 62.5 1000 50 1000 


19 
25 
19 


5TpC 
8TpC 
100 
70 
5TpC 
5TpC 


10 10 
15 
19 


oTpC 
8TpC 
100 


70 
5TpC 
oTpC 


Ns 
ns 
ns 
ns 


Ns 


ns 


[1] 
[1] 
[1] 
[2] 


[2] 
[2] 
[2] 


[2,4] 
[2,5] 
[2,3] 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 


Data In 4 Data In Valid » Next Data In Valid 











/DAV 
(Input) 
4 
RDY 
(Output) 
Figure 21. Input Handshake Timing 
Data Out ( Data Out Valid r Next Data Out Valid 
/DAV 
(Output) 
RDY 
(Input) 
Figure 22. Output Handshake Timing 
AC CHARACTERISTICS 
Handshake Timing Table 
T, = 0°C to +70°C T, = 40°C to +105°C 
12, 16, and 20 MHz 12, 16, and 20 MHz Data 
No Sym Parameter Min Max Min Max Direction 
1 TsDI(DAV) Data In Setup Time 0 0 IN 
2 ThDI(DAV) Data In Hold Time 145 145 IN 
3. TwDAV Data Available Width 110 110 IN 
4 TdDAVI(RDY) DAV fall to RDY fall Delay 115 V0 IN 
5 TdDAVId(RDY) DAV rise to RDY rise Delay 115 115 IN 
6  TdRDYO(DAV) RDY rise to DAV fall Delay 0 60 IN 
7 ~~ TdDO(DAV) Data Out to DAV fall Delay TpC TpC OUT 
8  TdDAVO(RDY) DAV fall to RDY fall Delay 0 0 OUT 
9  TdRDYO(DAV) RDY fall to DAV rise Delay 115 115 OUT 
10  TwRDY RDY Width 110 110 OUT 
11. TdRDYOd(DAV) RDY rise to DAV fall Delay 115 115 OUT 





10-23 








(Non-retriggerable) 
11 Trigger Input 
(Retriggerable) 


(When Read) 


s Z86C91 
A Silas ROMLEss MCU 
Z8 CONTROL REGISTER DIAGRAMS 
R240 SIO R243 PRE1 
[07 06 | bs} b4] D3} D2} D+ | bo) [57] 58] ps] ba] ba] ba} ot | bo 
ee Serial Data (DO = LSB) oe Count Mode 
0 T1 Single Pass 
1 T1Modulo N 
Figure 23. Serial I/O Register ais Tt icriil 
(FOH: Read/Write) eee ea a 
Prescaler Moduio 
(Range: 1-64 Decimal 
R241 TMR eee 
o7] pe] os] 04] p3] oe] 0 
Ee peste Pi oe Figure 26. Prescaler 1 Register 
| (F3H: Write Only) 
0 No Function 
1 Load TO 
0 Disable TO Count 
1 Enable TO Count 
| . R244 TO 
0 No Function 
| Ath eP=PeToTeT oT 
0 Disable T1 Count 
1 Enable T1 Count 
TO Initial Value 
Tin Modes ; 
00 External Clock Input tran, sbi Decimal 
01 Gate Input 01-00 HEX) 
10 Trigger Input TO Current Value 


Tout Modes 

00 Not Used 

01 TO Out 

10 T1 Out 

41. Internal Clock Out 


Figure 24. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


{>7| es] os] 04] ps] v2] 01 | bo 


| 


T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

T1 Current Value 
(When Read) 


Figure 25. Counter/Timer 1 Register 
(F2H: Read/Write) 
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Figure 27. Counter/Timer 0 Register 
(F4H: Read/Write) 


R245 PREO 


D7} De] bs | D4] ps} pa} 01 | Do 
= Count Mode 


0 TO Single Pass 
1 TO Modulo N 


Reserved (Must be 0) 
Prescaler Modulo 


(Range: 1-64 Decimal 
01-00 HEX) 


Figure 28. Prescaler 0 Register 
(F5H: Write Only) 
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R246 P2M 


[07] b6} vs] D4] va] pe} D1] oo 


| 


itr 


P20 - P27 I/O Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 


Figure 29. Port 2 Mode Register 
(F6H: Write Only) 


R247 P3M 
bz [oe] os] D4} os] 02} 01] po 


0 Port 2 Open-Drain 
1 Port 2 Push-pull 


Reserved (Must be 0) 


0 P32 = Input 

P35 = Output 

1 P32 =/DAVO/RDYO 
P35 = RDYO//DAVO 


00 P33= Input 
P34 = Output 
015 P33 = Input 
10 ¢ P34=/DM 

11 ~ Reserved 


0 P31 = Input (TIN) 
P36 = Output (TOUT) 
1 P31=/DAV2/RDY2 
P36 = RDY2//DAV2 


P30 = Input 

P37 = Output 
P30 = Serial In 
P37 = Serial Out 


Parity Off 
1 Parity On 


Figure 30. Port 3 Mode Register 
(F7H: Write Only) 


R248 PO1M 


p7] 06] 0s J+ os [o2} 01 | bo 


P03 - POO Mode 
00 Output 
01 Input 
1X A11-A8 


Stack Selection 
QO External 
1 Internal 


P17-P10 Mode 
00 Reserved 
01 Reserved 
10 AD7-ADO 
11 Reserved 


External Memory Timing 
0 Normal 
1 Extended 


P07 - P04 Mode 
00 Output 
01 Input 
1X A15-A12 


Figure 31. Port 0 and 1 Mode Register 
(F8H: Write Only) 


R249 IPR 


or] os] >] os] oefoi]oo 


Interrupt Group Priority 
Reserved = 000 
C>A>B=001 
A>B>C=010 
A>C>B=O11 
B>C>A= 100 
C>B>A= 101 
B>A>C=110 
Reserved = 111 

IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IRQ4>IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2>IRQO 
1 IRQO > IRQ2 

IRQ3, IRQ5 Priority (Group A) 
0 IRQ5>IRQ3 
1 IRQ3>IRQ5 

Reserved (Must be 0) 


Figure 32. Interrupt Priority Register 
(FSH: Write Only) 
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Z8 CONTROL REGISTER DIAGRAMS (Continued) 





R250 iRQ R253 RP 


| D7} Dé | Ds | D4 | D3 | D2 | D1 | Do| [o7] 06] 05] 04] 03] 02] or] oo 


ee IRQO = P32 Input (DO = IRQ0) i? cier O Reserved (Must be 0) 
IRQ1 = P33 Input - 
IRQ2 = P31 Input r4 
. IRQ3 = P30 Input, Serial Input 5 
IRQ4=TO Serial Output Register Pointer 
iIRQ5=T1 r6 


Reserved (Must be 0) 





Ir 


; : Figure 36. Register Pointer Register 
Figure 33. Interrupt Request Register (FDH: Read/Write) 


(FAH: Read/Write) 


R251 IMR R254 SPH 
[07] D6} Ds] D4] ba] D2} 01] bo. [57] be] bs} pa] pa] p2} p+} bo 
his Heaneaen | 
a 4 Enable iFsas Ina Byte (SPi8- S ia 
1 Reserved (Must be 0) 
1 Enables Interrupts Figure 37. Stack Pointer Register 


(FEH: Read/Write) 


Figure 34. Interrupt Mask Register 
(FBH: Read/Write) R255 SPL 


7] 6} bs | 04] ns} pe] mi] D0 


R252 FLAGS in) | 
[07 | 6 | ps | 4} 03 | 2 | b+ | Do | a 


User Flag F1 
User Flag F2 Figure 38. Stack Pointer Register 
Half Carry Flag (FFH: Read/Write) 


Decimal Adjust Flag 


Oo 
N 


Overflow Flag 
Sign Flag 
Zero Flag 


iz 


Carry Flag 


Figure 35. Flag Register 
(FCH: Read/Write) 


786C91 
A Silas ROMLess MCU 
INSTRUCTION SET NOTATION 








Addressing Modes. The following notation is used to _- Flags. Control register (R252) contains the following six 
describe the addressing modes and instruction opera- _ flags: 
tions as shown in the instruction summary. 


Symbol Meaning 
Symbol Meaning 
a, 1G Carry flag 
IRR Indirect register pair or indirect working- Z Zero flag 
register pair address S Sign flag 
Irr Indirect working-register pair only V Overflow flag 
X Indexed address D Decimal-adjust flag 
DA Direct address H Half-carry flag 
RA Relative address 
IM Immediate Affected flags are indicated by: 
R Register or working-register address 
r Working-register address only 0 Clear to zero 
IR Indirect-register or indirect 1 Set to one 
working-register address Set to clear according to operation 
Ir Indirect working-register address only - Unaffected 
RR Register pair or working register pair Xx Undefined 
address 


Symbols. The following symbols are used in describing 
the instruction set. 





Symbol Meaning 

dst Destination location or contents 
Src Source location or contents 

CC Condition code 

@ Indirect address prefix 

oP Stack Pointer 

PC Program Counter 

FLAGS Flag register (Control Register 252) 
RP Register Pointer (R253) 

IMR Interrupt mask regisier (R251) 
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Value | 


1000 
0111 
1111 
0110 
1110 
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Mnemonic 


Meaning 


Always True 
Carry 

No Carry 
Zero 

Not Zero 


Plus 

Minus 
Overflow 

No Overflow. 
Equal 


Not Equal 

Greater Than or Equal 
Less than 

Greater Than 

Less Than or Equal 


Unsigned Greater Than or Equal 
Unsigned Less Than 

Unsigned Greater Than 
Unsigned Less Than or Equal 
Never True (Always False) 


£86091 
ROMLEss MCU 


Flags Set 


=— O-— —-— © OoO-OoO- 


R(S XOR V)] =0 
(S XOR V)} = 1 


(C =0 ANDZ=0)=1 
(COR Z) = 1 


A ZiLAS 
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INSTRUCTION FORMATS 


|_dst_| Pc 


CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 


One-Byte Instructions 


OPC 


CLR, CPL, DA, DEC, 





ADC, ADD, AND, CP, 








oro | woe 
oR POP. PUSH, RL RC, on[attoT se | Toa 
RR, RRC, SRA, SWAP P_ést__for[atro] ast 
OPC JP, CALL (Indirect) 
ast jor[trio] aa OPC_| MODE, ADC, ADD, AND, OP, 
LD, OR, SBC, SUB, 
past for Lit10] dst_| tom, TM, xon 
[woDe | OPC | LD 
| orc _| MODE ADC, ADD, AND, CP, Ps for| isto] src 
OR, SBC, SUB, TCM, 
Tat [oe Tit XOF [at Jon [aro [ast | 
| MODE | OPC LD, LDE, LDEI, LD 
aaa 
on[atio] so uP 
OPC CALL 
dsvCC | OPC DJNZ, JR DAU 
FFH STOP/HALT 
6FH 7FH 
Two-Byte Instructions Three-Byte Instructions 
INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol 
“« ”, For example: 


dst <— dst + src 


indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 


notation “addr (n)” is used to refer to bit (n) of a given 
operand location. For example: 


dst (7) 


refers to bit 7 of the destination operand. 
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INSTRUCTION SUMMARY (Continued) 

Address | Address 
Instruction Mode Opcode__s Flags Affected Instruction - Mode Opcode ‘Flags Affected 
and Operation dst src Byte(Hex)C ZS V DH and Operation dst src Byte(Hex)C ZS V DH 
ADC dst, src 7 iT]. * kK KO INC dst r rE - * kK - - 
dstedst + src + C . dst«-dst + 1 r=O-F 
| R 20 
ADD dst, src + Of ] * * IR 21 
dst<«dst + src 
INCW dst RR AO - * KK - - 
AND dst, src ak 5) #- * 0 dstedst + 1 IR AT 3 
dstedst AND src | 
IRET BF Kk Kk Kk OK kk Of 
-CALL dst DA D6 - - - FLAGS<—-@SP; 
SP<SP - 2 IRR © D4 SP¢-SP + 1 
@SP<ePC, PC<—@SP; 
PC<—dst SP<SP + 2; 
; IMR(7)—1 
CCF EF *K ‘ 
CeNOT C. JP cc, dst -DA cD eos se ee 
a if cc is true c=0-F 
CLR dst R BO - - - PCe—dst — IRR 30 
dst-—0 — IR B1 
JR cc, dst RA cB - - = ee 
COM ast R 60 - * 0 if cc is true, c=0-F 
dst-—NOT dst IR 61 PC<—PC + dst 
Range: +127, 
CP dst, src t A[ J * of * —128 
dst -src | 
LD dst, src r Im rc - = - fe + 
DA ast R 40 * X dstesrc r R r8 
dsteDA dst IR 41 R or r9 
| r=O-F 
DEC dst R 00 - K r xX C7 
dst—dst - 1 IR 01 X fr D7 
r Ir E3 
DECW ast RR 80 - * lr or F3 
dst—dst - 1 IR 81 R R E4 
R IR €E5 
Di 8F - - - R IM E6 
IMR(7)—0 IR IM E7 
mS IR R F5 
DJNZr, dst RA rA - - - 
r—r— 1 r=Q-F LDC dst, src r Ir C2 - - - - - 
ifr #0 

~PCePC + dst LDCI dst, src lr tr C8 - = = es + 
Range: +127, dstesrc 
-128 r—r +1; 

} rre—rr + 1 
EI OF - - - 

IMR(7)—1 
HALT T° 3 - - - 
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Address Address 
Instruction Mode Opcode __—‘ Flags Affected Instruction Mode Opcode ___‘ Flags Affected 
and Operation dst src Byte(Hex)C ZS V DH and Operation dst src Byte(Hex)C ZS V DH 


NOP FF - - see STOP 6F - = = = = = 
OR dst, src © + A[ ] - * KO - - SUB dst, src aT 2[ | * Kk KK 1 OK 
dstedst OR src dste-dste-src 
POP dst R 50 - ss ee SWAP dst R FO X K€ KK - - 
dste-@SP; iR 51 4 IR Fi 
SPCSP + 1 7 ys 
Ne eae a ee ee eee aes, 
PUSH src R 70 - - = - = ere ee a LTE a ee ee ee 
SP<SP — 1; IR 71 TCM ast, src t 6[ ] - * *¥ O - - 
@SP<esrc (NOT dst) 
a ee AND src 
RCF CF QO - --- - Fe eee aE 
CeO TM dst, src a6 7[ ] - ** 0 - - 
Se Pee er ec dst AND src 
RET AF - se ee a ns 
PC<-@SP; XOR dst, src T BL J - * * OO - - 
SP<SP + 2 dstcdst 
XOR src 
RL dst R 90 * OK KK - - 
+ These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a ‘[ ]’ 
RLC ast id a aS ae ie ine > Fe in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 
For example, the opcode of an ADC instruction using the addressing 
RR cst R EO kK KK. - modes r (destination) and Ir (source) is 13. 
IR Ed 
o] Lef7——7} 
<I Address Mode Lower 
RRC dst R CO KK KK - - dst src Opcode Nibble 
IR C1 
-{c}-[7__o} r r [2] 
SBC dst, src ig 3 ] kok KK 1 OK r Ir (3] 
dste—-dstesrce—C 
R R [4] 
SCF DF 1 - - - - - 
CK R IR [5] 
SRA dst R DO ** *0- - i ” [6] 
v ie IR IM [7] 
7] 
k= 
SRP src Im 31 - oe oe te 
RP<-src 
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OPCODE MAP 


Lower Nibble (Hex) 
A B c D E F 
6.5 6.5 10.5 | 105 | 105 | 65 [| 65 [12/10.5[12/10.0] 6.5 2100 6.5 ‘i 
0 DEC | ADD } ADD | ADD | ADD | ADD | ADD | LD | LD | DJNZ/ JR | LD 7 | INC | 7 
IR1 r1,r2 | r1,Ir2 | R2,R1 [IR2,R1} R1, 1M | IR4, IM} r4,R2 | r2,R1 |r1,RA |cc, RA }r1,IM |cc, ae r i 
6.5 6.5 65 65 | 105 | 105 | 105 | 105 - 
1 RLC | RLC | ADC | ADC | ADC | ADC | ADC | ADC 
IR1 r1,r2 | rt, tr2 | R2,R1 | IR2, R1] R41, 1M | IR, IM 
105 | 105 | 105 | 105 
2 INC | INC | SUB | SUB | SUB | SUB | SUB | SUB = 
IR1 | rt,r2 | rt, tr2 | R2,R1 | IR2,R1] RI, IM] IR, IM 
105 | 105 | 105 [ 105 | a 
3 SRP | SBC | SBC | SBC | SBC | SBC | SBC 
IRR1 | IM r1,r2 | ri, tr2 | R2,R1 | IR2,R1] R1, IM] IR4, IM 
8.5 6.5 65 | 105 | 105 | 105 | 105 i 
4 DA OR OR OR OR OR OR 
IR1— | rt, 12 IR2,R1} Ri, 1M} IR1, IM 7 
105 | 105 | 65 65 | 105 | 105 | 105 | 10.5 4 
5 POP | POP | AND | AND | AND | AND | AND | AND 
r1,r2 | rt, Wr2 | R2,R1 | IR2,R1] R41, 1M | R41, IM 
105 | 105 | 105 | 10.5 6.0 
$ 1 co com | Tom | Tom | TCM | TCM | TCM | TCM | STOP 
¥ (Rt | r4,r2 | rt, tr2 | R2,R1 | IR2,R17 R1, IM} IR1, IM 
x= wis 12/1417 65 65 | 105 | 105 | 105 | 105 7.0 
@ 7 | PUSH| PUSH] TM ™ ™ ™ ™ ™ HALT 
2 ri,r2 | r1,lr2 | R2,R1 | IR2,R1] R1,1M | IR1, IM 
pe feefmce(ee sey [| a 
o 8 DECW | DECW | LDE LDE! DI 
& RR1 | IRA rt, tere | rt irre | | 
6.5 65 | 120 | 180 | : | | | 6.1 
Tete! TTT || HY 
R1 IR1—fr2. tert | ir2, iret 
105 | 105 | 65 65 | 105 | 105 | 105 | 10.5 14.0 
A INCW | INCW | CP cP | RET 
RR1 IR1 | rt,r2 | ort, r2 | R2, R41 |IR2, R1] R41, IM |IR4, IM | 
6.5 6.5 6.5 6.5 10.5 | 10.5 16.0 
B CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR IRET 
Ri | IR r1,r2 | rt, Ir2 | R2, R14 | IR2,R1] R41, IM} IR1, IM 
6.5 6.5 12.0 | 18.0 Pf fe 10.5 6.5 
Cc RRC | RRC | LDC | LDC! LD : RCF 
R1 IR1 rd, Irr2 fir, Irr2 r1,x,R2 
6.5 6.5 20.0 L 20.0 | 10.5 
D SRA | SRA | LDC | LDC! | CALL* CALL | LD | SCF 
Ri | IR rd, trr2 Jirt, Irr2 | IRR1 DA | r2,x,R1 
6.5 
RR 


6.5 6.5 10.5 | 10.5 10.5 | 10.5 6.5 
R1 IR1 ri, IR2 | R2, Ri fIR2, R17 R1, IM} IR1, IM ' 
8.5 8.5 6.5 10.5 6.0 
cele Li) Ll | . 
R1 IR4 Irt, r2 R2, IR1 
ie ee 


2 3 2 3 1 
Bytes per Instruction 
patel Legend: 
peed’ R = 8-bit Address 
Nibble 
Execution Pipeline r = 4-bit Address 
Cycles | Cycles R1 or r1 = Dst Address 







R2 or r2 = Src Address 


Upper 
Opcode ——ea Mnemonic ee 
Nibble Opcode, First Operand, 
Second Operand 
First Second Note: Blank areas not defined. 
Operand Operand 


*2-byte instruction appears as 
a 3-byte instruction 
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CONTROLLING DIMENSIONS » INCH 


40-Pin DIP Package Diagram 










Al 





0.66/0.51 
026/.020 


45° 


DIM. FROM CENTER 
TD CENTER OF RADII 





R 11420.64 
045/.025 






MILLIMETER 


NOTES: 


1. CONTROLLING DIMENSIONS : INCH 
2.LEADS ARE COPLANAR WITHIN .004 IN. 


3. DIMENSION + _MM_ 
INCH 


oO 
‘N 
5 
— 
q 
> 
So 
—_= 
= 
q 
A 





L27 TYP 


050 TYP 





44-Pin PLCC Package Diagram 
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| Ae 
Al 
B i i 
4 
Eas | 
aaa i a 
oa 
es | ae 
Tt] E HE 
ae | a 
ae | 
a | 
im 
“4 Cr Oo 
£ 
Reato° 
[WILLIMETER [INCH 
NOTES: eo apa 
1. CONTROLLING DIMENSIONS MILLIMETER 
3, LEAD CUPLANARITY + MAX agmrn a2] 200 | 225 | 078 | 089 | 
ef 02s -| 045 | 010 | 018 
Te | 013 | 020 | 005 | 008 | 
Hp | 1370 | 1430 | 599 | S63 
rp | 990 | 1010 | 390 | 398 | 
He [13.70 | 1430 | 539 | 563 __ 
Te. | 990 {1010 | 390 | 398 | 
re | oso tye | ostye 
ri [oso] 120 | 024 | 047 


44-Pin QFP Package Diagram 
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ORDERING INFORMATION 


Z86C91 


12 MHz 
40-pin DIP 
Z86C9112PSC 
Z86C9112PEC 


16 MHz 
40-pin DIP 
Z86C9116PSC 


20 MHz 
40-pin DIP 
Z86C9120PSC 


44-pin PLCC 
Z86C9112VSC 
Z86C9112VEC 


44-pin PLCC 
Z86C9116VSC 


44-pin PLCC 
Z86C9120VSC 


44-pin QFP 
Z86C9112FSC 
Z86C9112FEC 


44-pin QFP 
Z86C9116FSC 


44-pin QFP 
Z86C9120FSC 


For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 


Package 
P = Plastic DIP 
V = Plastic Chip Carrier 


Longer Lead Time 
F = Plastic Quad Flat Pack 





Temperature 
S = 0°C to +70°C 
E = -40°C to +105°C 


Speed 

12 = 12 MHz 
16 = 16 MHz 
20 = 20 MHz 


Environmental 
C = Plastic Standard 


Example: 
Z 86091 12 P S$ C is a Z86C91, 12 MHz, DIP, O°C to +70°C, Plastic Standard Flow 


Environmental Flow 
Temperature 
Package 

Speed 

Product Number 
Zilog Prefix 


a 
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Z86E21 CMOS Z8° 
8K OTP Microcontroller 


Z86C61/62/96 CMOS Z8° 
icrocontroller 


286C063/64 32K ROM Z8° 
CMOS Microcontroller 


Z86C91 CMOS Z8° 
ROMless Microcontroller 


Z86C693 CMOS Z8® Multiply/ 
Divide Microcontroller 


Support Products 


Superintegration™ 
Products Guide 


Zilog's Literature Guide 
Ordering Information 
































A SILAS 


FEATURES 


m Complete Microconiroller, up to 24 i/O lines, and up to 
64 Kbytes of Addressable External Space each for 
Program and Data Memory. 


m 16x 16-Bit Hardwired Multiplier with 32-Bit Product in 
17 Clock Cycles. 


Mm 32 x 16-Bit Hardwired Divider with 16-Bit Quotient and 
16-Bit Remainder in 20 Clock Cycles. 


m 256-Byte Register File, Including 236 General-Purpose 
Registers, up to Three I/O Port Registers, and 16 
Status and Control Registers. 


m 17-Byte Expanded Register File, Including Two 
General-Purpose Registers and 15 Status and Control 
Registers. 


mM Two 16-Bit Counter Timers with 6-Bit Prescalers. 


m Two Low Power Standby Modes, STOP and HALT 


GENERAL DESCRIPTION 


The Z86C93 is a CMOS ROMless Z8® microcontroller 
enhanced with a hardwired 16-bit x 16-bit multiplier and 
32-bit/16-bit divider and three 16-bit counter timers (Figure 
1). A capture register and a fast decrement mode is also 
provided. It is offered in 40-pin DIP, 44-pin PLCC, 44-pin 
QFP, and 48-pin VQFP (Figures 2, 3, 4, 5, and 6). Besides 
the four additional signals (SCLK, IACK, /SYNC, and 
WAIT), the Z86C93 is compatible with the Z86C91, yet it 
offers a much more powerful mathematical capability. 


The Z86C93 provides up to 16 output address lines 
permitting an address space of up to 64 Kbytes of data and 
program memory each. Eight address outputs (AD7-ADO) 


PRODUCT SPECIFICATION 


286093 


CMOS Z8® MULTIPLY/DIVIDE 
MICROCONTROLLER 


m@ On-Chip Oscillator that Accepts Crystal or External 
Clock Drive. 


m Vectored, Priority Interrupts for I/O, Counter/Timers 
and UART. 


m Three 16-Bit Counter/Timers with 4-Bit Prescaler, One 
Capture Register and a Fast Decrement Mode. 


m Register Pointer for Short, Fast Instructions that can 
Access Any One of the 16 Working Register Groups. 


m Additional Emulation Signals SCLK, IACK, and /SYNC 
are Made Available. 


m = Full-Duplex UART 
m 3.3V +10% Operation at 25 MHz 


m 5.0V +10% Operation at 20, 25, and 33 MHz 


are provided by a multiplexed, 8-bit, Address/Data bus. 
The remaining eight bits can be provided by the software 
configuration of Port 0 to output address bits A15-A8. 


Notes: 
All Signals with a preceding front slash, ‘/’, are active Low, e.g., 
B/W (WORD is active Low); /B/W (BYTE is active Low, only). 


Power connections follow conventional descriptions below: 


Connection Circuit Device 
Power Voc Vin 
Ground GND Ves 
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GENERAL DESCRIPTION (Continued) 


There are 256 registers located on-chip and organized as 
236 general-purpose registers, 16 control and status reg- 
isters, and four I/O port registers. The register file can be 
divided into 16 groups of 16 working registers each. 
Configuration of the registers in this manner allows the use 
of short format instructions; in addition, any of the indi- 


Output VCC GND 


\ 


Input 


Three 16-Bit 
Counter/Timers 


32 +16 
Divider 







16 x 16 
Multiplier 


Interrupt 
Control 


Port 2 


/O Address or I/O 
(Nibble Programmable) 


(Bit Programmable) 


Register 
Pointer 


Register File f 
256 x 8-Bit 


vidual registers can be accessed directly. There are an 
additional 17 registers implemented in the Expanded 
Register File in Banks D and E. Two of the registers may be 
used as general-purpose registers, while 15 registers 
supply the data and control functions for the Multiply/ 
Divide Unit and Counter/Timer blocks. 


/RESET 


XTAL 

/AS 

/DS 

R/W 

SCLK 

IACK 
/SYNC 
WAIT 

(25 MHz & 33 MHz 
Devices Only) 










Machine Timing, Fmulation 
and Instruction Control 


Address/Data 


Figure 1. Functional Block Diagram 
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—s 


Vcc 
XTAL2 
XTAL1 

P37 
P30 
/RESET 
R//W 
/DS 
IAS 
P35 10 
GND 
P32 
POO 
P01 
P02 
P03 
P04 
P05 
P06 
P07 


oO On om an FF W ND 


Figure 3. 40-Pin DIP Assignments 


Z86C93 
DIP 








Figure 2. Z86C93 Pin Functions 


P36 
P31 
P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 
P33 
P34 
P17 
P16 
P15 
P14 
P13 
P12 
P11 


} P10 


= 
5 
* 


ONDA) BWNH + 


11 
12 


13-20 
21-28 


30 


31-38 
39 
40 


Emulations 
Pins 
Timing 
and 
Control | Clock 
Port 0 (Nibble aot 2 (Bit “i 
Programmable) Z86C93 ion e) 
I/O or A15/A8 MCU 
st pts ssn 
arallel /O an 
AD7-ADO Control 


Table 1. 40-Pin DIP Pin Identification 


Symbol 


Veo 
XTAL1 
XTAL2 
P37 


P30 
/RESET 
R//W 
/DS 


/AS 
P35 
GND 
P32 


POO-PO7 
P10-P17 
P34 
P33 


P20-P27 
P31 
P36 


Function 


Power Supply 

Crystal, Oscillator Clock 
Crystal, Oscillator Clock 
Port 3, Pin 7 


Port 3, Pin O 
Reset 
Read/Write 
Data Strobe 


Adaress Strobe 
Port 3, Pin 5 
Ground 

Port 3, Pin 2 


Port O, Pins 0,1,2,3,4,5,6,7 
Port 1, Pins 0,1,2,3,4,5,6,7 


Port 3, Pin 4 
Port 3, Pin 3 


Port 2, Pins 0,1,2,3,4,5,6,7 


Port 3, Pin 1 
Port 3, Pin 6 


Direction 


Input 
Input 
Output 
Output 


Input 
Input 
Output 
Output 


Output 
Output 
Input 
Input 


In/Output 
In/Output 
Output 
Input 


In/Output 
Input 
Output 
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PIN DESCRIPTION (Continued) 


r< 
ro) 


ONO RWNY 
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Symbol 


ce 
XTAL2 
XTAL1 
P37 


P30 
SCLK 
/RESET 
R/W 


/DS 
/AS 
P35 
GND 
P32 


POS 


Z86C93 
MCU 


P04. 
POS 
P06 
PO7 


P10 


P11 
P12 
P13 





| 18 19 20 21 22 23 24 25 26 27 28 | 


P14 
/SYNC 


N/C or WAIT 
P24 
P23 
P22 
P21 
P20 
P33 
P34 
P17 
P16 
P15 


Figure 4. 44-Pin PLCC Pin Assignments 


Table 2. 44-Pin PLCC Pin Identification 


Function 


Power Supply 
Crystal, Osc. Clock 
Crystal, Osc. Clock 
Port 3, Pin 7 


Port 3, Pin O 
System Clock 
Reset 
Read/Write 


Data Strobe 
Address Strobe 
Port 3, Pin 5 
Ground 

Port 3, Pin 2 


Direction 


Input 
Output 
Input 
Output 


Input 
Output 
Input 
Output 


Output 
Output 
Output 
Input 
Input 


No 


14-16 
17 

18-22 
23-27 


28 
29-31 


33 


34-38 
39 


40-42 
43 
44 


Symbol 


PO0-PO2 
IACK 

P03-P07 
P10-P14 


ISYNC 
P15-P17 
P34 

P33 


P20-P24 
N/C 
WAIT 
P25-P27 
P31 

P36 


Function 


Port O, Pins 0,1,2 
Int. Acknowledge 
Port O, Pins 3,4,5,6, 7 
Port 1, Pins 0,1,2,3,4 


Synchronize Pin 
Port 1 Pins 5,6,7 
Port 3, Pin 4 
Port 3, Pin 3 


Port 2 Pins 0,1,2,3,4 


Not Connected (20 MHz) 
WAIT (25 or 33 MHz) 


Port 2, Pins 5,6,7 
Port 3, Pin 1 
Port 3, Pin 6 


Direction 


In/Output 
Output 

In/Output 
In/Output 


Output 
In/Output 
Output 
Input 


In/Output 
Input 
Input 
In/Output 
Input 
Output 











. Z86C93 
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z 
= 
jo) 
SERSER RSE E 
p25 Lif TT /sYnc 
P26 LI] [TT] P14 
pe? Lid TT) P13 
pst Lit [TT] P12 
P36 (IT T_T.) Pt 
ee ee [TT] P10 
XTAL2 LL _1 —T7T—] P07 
xTaLi -_LT_ TT] POS 
p37 L_Ll [TT] Pos 
Po. TI] Po4 
SscLk Lt @ -—TT—] Pos 
2345 67 89 
weaeee2eR BRE S 
cr — 
Figure 5. 44-Pin QFP Pin Assignments 
Table 3. 44-Pin QFP Pin Identification 
No Symbol Function Direction No Symbol Function Direction 
1 /RESET Reset Input 26 P34 Port 3, Pin 4 Output 
2 R//W Read/Write Output 27 P33 Port 3, Pin 3 Input 
3 /DS Data Strobe Output 28-32 P20-P24 Port 2, Pins 0,1,2,3,4 In/Output 
4 /AS Address Strobe Output 33 N/C Not Connected (20 MHz) Input 
WAIT WAIT (25 or 33 MHz) Input 
5 P35 Port 3, Pin 5 Input 
6 GND Ground Input 34-36 P25-P27 Port 2, Pins 5,6,7 In/Output 
7 P32 Port 3, Pin 2 Input 37 P31 Port 3, Pin 1 Input 
8-10 POO-PO2 Port 0, Pins 0,1,2 In/Output 38 P36 Port 3, Pin 6 Output 
39 Vee Power Supply | Input 
iy IACK Int. Acknowledge Output 40 XTAL2 _— Crystal, Osc. Clock Output 
12-16 PO3-PO7 Port 0, Pins 3,4,5,6,7 In/Output 
17-21 P10-P14 Port 1, Pins 0,1,2,3,4 In/Output 41 XTAL1 Crystal, Osc. Clock Input 
22 ISYNC Synchronize Pin Output 42 P37 Port 3, Pin 7 Output 
23-25 P15-P17 Port 1, Pins 5,6,7 In/Output 43 P30 Port 3, Pin O Input 
44 SCLK System Clock Output - 
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PIN DESCRIPTION (Continued) 
a 
SESNER PREP ES 
36 35 34 33 32 31 30 29 28 27 26 25 
P25 Litt 37 24 [TT] /SYnc 
P26 LLL 38 23 FT TI] P14 
P27 LiF 39 22 fF [I] P13 
P31 Le] F 40 21 FT TI] P12 
P36 LLL F414 20 TT 1 P11 
NC Ltt 42 286093 19 [—TT77 Pio 
voc Ltt § 43 MCU 18 F_TT___] P07 
XTAL2 [| [fF 44 17 Ff Ty J] NC 
Figure 6. 48-Pin VQFP Pin Assignments 
Table 4. 48-Pin VQFP Pin Identification 
No Symbol Function Direction No Symbol Function Direction 
1 N/C Not Connected Input 25 N/C Not Connected Input 
y) /RESET Reset Input 26-28 P15-P17 Port 1, Pins 5,6,7 In/Output 
3 RW Read/Write Output 29 P34 Port 3, Pin 4 Output 
4 /DS Data Strobe Output 30 P33 Port 3, Pin 33 Input. 
5 /AS Address Strobe Output 31-35 P20-P24 Port 2, Pins 0,1,2,3,4 In/Output 
6 P35 Port 3, Pin 5 Input 36 N/C Not Connected (20 MHz) Input 
7 GND Ground Input IWWAIT WAIT (25 or 33 MHz) Input 
8 P32 Port 3, Pin 2 Input 37-39 P25-P27 Port 2, Pins 5,6,7 In/Output 
9-11 POO-PO2 Port 0, Pins 3,4,5,6 In/Output 40 P31 Port 3, Pin 1 Input 
12 IACK Int. Acknowledge Output 41 P36 Port 3, Pin 6 Output 
42 N/C Not Connected Input 
13-16 PO3-PO6 Port O, Pins 3,4,5,6 In/Output 
17 N/C Not Connected — Input 43 Vie Power Supply Input 
18 PO7 Port 0, Pin 7 In/Output 44 XTAL2 = Crystal, Osc. Clock Output 
19-23 P10-P14 Port 1, Pins 0,1,2,3,4 In/Output 45 XTAL1 — Crystal, Osc. Clock Input 
24 ISYNC Synchronize Pin Output 46 P37 Port 3, Pin 7 Output 
47 P30 Port 3, Pin O Input 
48 SCLK system Clock Output 
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PIN FUNCTIONS 


/DS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 


[AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. When /RESET is 
asserted, /AS toggles. Memory address transfers are valid 
at the trailing edge of /AS. 


XTAL1, XTAL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel- 
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 


R//W (output, read High/write Low). The Read/Write signal 
is Low when the MCU is writing to the external program or 
data memory. It is High when the MCU is reading from the 
external program or data memory. 


/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C93 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. 


On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at arate of 2TpC. When 
/RESET is deactivated, program execution begins at loca- 
tion OOOCH. Reset time must be held Low for 50 ms or until 
Voc is stable, whichever is longer. 


SCLK System Clock (output). The internal system clock is 
available at this pin. Available in the PLCC, QFP, and VQFP 
packages only. 


IACK /nterrupt Acknowledge (output, active High). This 
output, when High, indicates that the Z86C93 is in an 
interrupt cycle. Available in the PLCC, QFP, and VQFP 
packages only. 


[SYNC (output, active Low). This signal indicates the last 
clock cycle of the currently executing instruction. Avail- 
able in the PLCC, QFP, and VQFP packages only. 


WAIT (input, active Low). Introduces asynchronous wait 
states into the external memory fetch cycle. When this 
input goes Low during an external memory access, the 
Z86C93 freezes the fetch cycle until this pin goes High. 
This pin is sampled after /DS goes Low; should be pulled 
up if not used. Available in the 25 MHz and 33 MHz devices 
only. 


Port 0(P07-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight I/O lines 
can be configured under software control as a nibble |/O 
port, oras an address port for interfacing external memory. 
When used as an I/O port, Port 0 may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the I/O direction of the upper 
nibble PO7-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 


For external memory references, Port 0 can provide ad- 
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port O can be programmed independently as I/O 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for I/O operation, they must be config- 
ured by writing to the Port O Mode register. 


After a hardware reset, Port 0 lines are defined as address 
lines A15-A8, and extended timing is set to accommodate 
slow memory access. The initialization routine can include 
reconfiguration to eliminate this extended timing mode 
(Figure 7). The /OEN (Output Enable) signal in Figure 7 is 
an internal signal. 


The Auto Latch on Port O puts valid CMOS levels on all 
CMOS inputs which are not externally driven. Whether this 
level is O or 1, cannot be determined. A valid CMOS level, 
rather than a floating node, reduces excessive supply 
current flow in the input buffer. 
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- Figure 7. Port 0 Configuration 
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Port 1 (P17-P10). Port 1 is an 8-bit, TTL compatible port. It If more than 256 external locations are required, Port 0 
has multiplexed Address (A7-AO) and Data(D7-DO) ports — must output the additional lines. 
for interfacing external memory (Figure 8). 





Port 1 
(AD7-ADO) 


Z86C93 
MCU 





OEN ie: 
_ 
>— 


PAD 


Out c=) 


TTL Level Shifter 


ss 
Page 


Auto Latch 
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Figure 8. Port 1 Configuration 
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PIN FUNCTIONS (Continued) 


Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, — 


bidirectional, TTL compatible port. Each of these eight I/O 
lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for |/O operation. When used as an.I/O port, Port 
2 is placed under handshake control. In this configuration, 
Port3 lines P31 and P36 are used as the handshake control 
lines /DAV2 and RDY2. The handshake signal assignment 


Z86C93 
MCU 


, 


Open-Drain 


OEN be: 
OD 





for Port 3 lines P31 and P36 is dictated by the direction 
(input or output) assigned to P27 (Figure 9). 


The Auto Latch on Port 2 puts valid CMOS levels on all 
CMOS inputs which are not externally driven. Whether this 
level is O or 1, cannot be determined. A valid CMOS level, 
rather than a floating node, reduces excessive supply 
current flow in the input buffer. | 


Port 2 (I/O) 


Handshake Controls 
/DAV2 and RDY2 
(P31 and P36) 


PAD | 


Ou ———) > 


TTL Level Shifter 


al 


peecreeeeers4 


AN 
Ai} 


Auto Latch 


Figure 9. Port 2 Configuration 
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Port 3 (P37-P30). Port 3 is an 8-bit, TTL compatible four —_ output ports. Port 3 pins P30 and P37 when used as serial 
fixed input and four fixed output ports. These eight I/O lines I/O, are programmed as serial in and serial out, respec- 
have four fixed (P33-P30) input and four fixed (P37-P34) tively (Figure 10 and Table 5). 





Z86C93 Port 3 
MCU (I/O or Control) 





TTL Level Shifter 


Port 3 Output Configuration PAD 









Auto Latch 





perreres."-4 
a 


Port 3 Input Configuration 


Figure 10. Port 3 Configuration 
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PIN FUNCTIONS (Continued) 
Table 5. Port 3 Pin Assignments 
Pin # /O CTC1 Int. POHS P2HS UART Ext. 
P30 In IRQ3 Serial In 
P31 In Tig IRQ2 D/R 
P32 In | IRQO D/R 
P33 In IRQ1 
P34 Out DM 
P35 Out R/D 
P36 Out a tie R/D 
P37 Out Serial Out 


- Port 3 is configured under software control to provide the 
following control functions: handshake for Ports O and 2 
(IDAV and RDY\: four axtarnal interrunt request signals 


(IRQO- IRQ3); timer input and output signals (T,,, and T,V7), 
and Data Memory Select (/DM). 


Port 3 lines P80 and P37 can be programmed as serial 
/O lines for full-duplex serial asynchronous receiver/ 
transmitter operation. The bit rate is controlled by the 
Counter/TimerO. 

The Z86C93 automatically adds a start bit and two stop bits 


to transmitted data (Figure 11). Odd parity is also available 
as an option. Eight data bits are always transmitted, 


Transmitted Data (No Parity) 


[SP] sP] 07 [ps | os] 4] 03] 02 | ot } bo} sr | 
| L Start Bit 
Eight Data Bits 


Two Stop Bits 


Transmitted Data (With Parity) 


sp} se] P } 08] 0s] D4} 03} pz] 01 | Do] sr 
| L Start Bit 
Seven Data Bits 


Odd Parity 
Two Stop Bits 


regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on al! transmitted characters. 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 


The Auto Latch on Port 3 puts a valid CMOS level on all 
CMOS inputs that are not externally driven. Whether this 
level is zero or one, cannot be determined. A valid CMOS 
level rather than a floating node reduces excessive supply 
current flow in the input buffer. 


Received Data (No Parity) 


[sp] 07] 08] 05/04] ns |o2| 01 oo} st 
| L Start Bit 
Eight Data Bits 


One Stop Bit 


Received Data (With Parity) 


sr] [pe] 05/04] 03] 02] 01 [po] sr} 


| L Start Bit 
Seven Data Bits 
, Parity Error Flag 


One Stop Bit 


Figure 11. Serial Data Formats 
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ADDRESS SPACE 


Program Memory. The Z86C93 can address up to 64 
Kbytes of external program memory. Program execution 
begins at external location OOOCH after a reset. 


Data Memory. The Z96C93 can address up to 64 Kbytes 
of external datamemory. External datamemory is included 
with, or separated from, the external program memory 
space. /DM, an optional I/O function that can be pro- 
grammed to appear on P34 is used to distinguish between 
data and program memory space (Figure 12). The state of 
the /DM signal is controlled by the type instruction being 
executed. An LDC opcode references PROGRAM (/DM 
inactive) memory, and an LDE instruction references DATA 
(/DM active Low) memory. 


Expanded Register File. The register file has been ex- 
panded to allow for additional system control registers, 
and for mapping of additional peripheral devices along 
with I/O ports into the register address area (Figure 13). 
The Z8 register address space RO through R15 has now 
been implemented as 16 groups of 16 registers per group. 
These register groups are known as the ERF (Expanded 
Register File). Bits 7-4 of register RP select the working 
register group. Bits 3-0 of register RP select the expanded 
register group (Figure 14). The registers that are used in 
the multiply/divide unit reside in the Expanded Register 
File at Bank E and those for the additional timer control 
words reside in Bank D. The rest of the Expanded Register 
is not physically implemented and is open for future 
expansion. 


Register File. The Register File consists of four I/O port 
registers, 236 general-purpose registers and 16 control 
and status registers. The instructions can access registers 
directly or indirectly through an 8-bit address field. The 
Z86C93 also allows short 4-bit register addressing using 
the Register Pointer (Figure 15). In the 4-bit mode, 
the Register File is divided into 16 working register 
groups, each occupying 16 continuous locations. The 
Register Pointer addresses the starting location of the 
active working-register group. 


Note: Register Group EO-EF can only be accessed through 
working registers and indirect addressing modes. 


Stack. The Z86C93 has a 16-bit Stack Pointer (R254- 
R255), used for external stack, that resides anywhere 
in the data memory. An 8-bit Stack Pointer (R255) is used 
for the internal stack that resides within the 236 general- 
purpose registers (R4-R239). The high byte of the Stack 
Pointer (SPH, Bits 8-15) can be used as a general-purpose 
register when using internal stack only. 


Program 
Memory 


Location of 
First Byte of 
Instruction 
Executed 
After RESET 


Interrupt 
Vector 
(Lower Byte) 


Interrupt 
Vector 
(Upper Byte) 





Figure 12. Program and Data Memory Configuration 
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Z8 STANDARD CONTROL REGISTERS 
RESET CONDITION 


07] be} 0s] d4] 03] 02} py] o0 


REGISTER 
SPL 
PH 


n 
m 
wn 


, 
Tn 






n 
0 
DD 
Uv 








REGISTER POINTER 
Working Register Expanded Register FA IRQ 
Group Pointer Group Pointer 
be I 
F7 P3M 


: 
o 
| 
Cc 
fof fet-fefofelte| 


P2M 
F5 PREO 





n 


7 
OP 
+ 
Oo 






PRE1 
Z8 Reg. File** 





mn 
nN 
+ 
eek 





F1 TMR 
FO 


EXPANDED REG. BANK (E) 


REGISTER 
(E) 15 G 
(E) 14 G 
(E) 13-7 
(E) 6 
(E) 5 
(E) 4 
(E) 3 
(E) 2 
(E)1 
(E) 0 


viv 
Div 


Reserved 
MDCON 
MREGS 
MREG4 
MREG3 
MREG2 
MREG1 
MREGO 


EXPANDED REG. BANK (D) 


Oo 9° 
o 7 


REGISTER 
(D) 9 T2CAPL 
(D) 8 T2CAPH 
(D) 7 Tab 
(D) 6 T2H 
(D) 5 
(D) 4 
(D) 3 
(D) 2 
(D) 1 
(D) 0 


Reserved 
TOH 
T2PRE 
TIH 
T2TMR 


AN 
“a 
Z_-) \ 


Reserved 


U = Unknown 
* = Will not be reset with a STOP Mode Recovery 
GPR = General Purpose Register 

** = All addresses are in hexadecimal 


EXPANDED REG. BANK (0) 


REGISTER 
(0) 03 P. 
(0) 02 P 
(0) 01 
(0) 00 


Reserved 


Figure 13. Register File 
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R253 


RP 


107] bs] 05] p4] 03] 02] 01] Do | 


a_i Expanded Register Bank 


Working Register Group 


Figure 14. Register Pointer Register 





FF 


FO 


2F 


20 
1F 


10 
OF 


00 


r7 r6 r5 r4 r3 2 ri 0 R253 
(Register Pointer) 


The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 


— | - 


I e 
I e 
| 
i 


The lower nibble 
of the register 


ies ; file address 
Specified Working provided by the 
Register Group instruction points 
to the specified 
Register Group 1 R15 to RO 


Register Group 0 R15 to R4 


/O Ports R3 to RO 





Figure 15. Register Pointer 
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FUNCTIONAL DESCRIPTION 

Multiply/Divide Unit 





The Multiply/Divide unit describes the basic features, face is register addressing. In other words, all of the 
implementation details of the interface betweentheZ8and operands are in the respective registers before a multipli- 


the multiply/divide unit. cation/division can start. 
Basic features: Register Mapping. The registers used in the multiply/ 
| divide unit are mapped onto the expanded register file in 
m 16 x 16-bit multiply with 32-bit product Bank E. The exact register locations used are shown 
below. 


mM 32x 16-bit divide with 16-bit quotient 


and 16-bit remainder Register Address 


m Unsigned integer data format MREGO (E) 00 
MREG1 (E) 01 
m Simple interface to Z8® MREG2 (E) 02 
MREG3 (E) 03 
Interface to Z8. | he tollowing is a brief description of the 
register mapping in the multiply/divide unit and its MREG4 (E) 04 
interface to the Z8 (Figure 16). MREGS (E) 05 
MDCON (E) 06 
The multiply/divide unit is interfaced like a peripheral. The ~ GPR (E) 14 
only addressing mode available with the peripheral inter- GPR (E) 15 







= 


a 
LJ 


16 Bits 


Shifter + MUX 
-“ | ah 


Figure 16. Multiply/Divide Unit Block Diagram 
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Register Allocation. The following is the register alloca- 


tion during multiplication. 


Register Allocation 
Multiplier high byte MREG2 
Multiplier low byte MREG3 
Multiplicand high byte MREG4 
Multiplicand low byte MREG5 
Result high byte of high word MREGO 
Result low byte of high word MREG1 
Result high byte of low word MREG2 
Result low byte of low word MREG3 
Multiply/Divide Control register MDCON 


MDCON (E) 06 


107 bs} os] 04] 03] ba] 01] 00 


LE 


The following is the register allocation during division. 


Register Allocation 
High byte of high word of dividend MREGO 
Low byte of high word of dividend MREG1 
High byte of low word of dividend MREG2 
Low byte of low word of dividend MREG3 
High byte of divisor MREG4 
Low byte of divisor MREG5 
High byte of remainder MREGO 
Low byte of remainder MREG1 
High byte of quotient MREG2 
Low byte of quotient MREG3 
Multiply/Divide Control register MDCON 


Divide by Zero Error (Read Only) 
0 = No Error 
1 = Error 


Division Overflow (Read Only) 
0 = No Overflow 
1 = Overflow 


Reserved (Must be 0) 


Function Selection 

00 = NOP 

01 = Division Select 

10 = Multiplication Select 
11 = NOP 


Handshake Bit 
0 = Data Register Load & Begin Operation (Write) 
1 = Operation Completed (Read) 


Figure 17. Multiply/Divide Control Register (MDCON) 


Control Register. The MDCON (Multiply/Divide Control 
Register) is used to interface with the multiply/divide unit 
(Figure 16). Specific functions of various bits in the control 
register are given below. 


DONE Bit (D7). This bit is a handshake bit between the 
math unit and the external world. On power-up, this bit is 
set to 1 to indicate that the math unit has completed 
the previous operation and is ready to perform the next 
operation. 


Before starting a new multiply/divide operation, this bit 
should be reset to 0 by the processor/programmer. This 
indicates that all the data registers have been loaded and 
the math unit can now begin a multiply/divide operation. 


During the process of multiplication or division, this bit is 
write-protected. Once the math unit completes its opera- 
tion it sets this bit to indicate the completion of operation. 
The processor/programmer can then read the result. 


MULSL Multiply Select(D6). If this bitis setto 1, it indicates 
a multiply operation directive. Like the DONE bit, this bit is 
also write-protected during math unit operation and is 
reset to 0 by the math unit upon starting of the multiply/ 
divide operation. 


DIVSL Division Select (D5). Similar to D6, D5 starts a 
division operation. 


D4-D2. Reserved. 
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FUNCTIONAL DESCRIPTION (Continued) 


DIVOVF Division Overflow (D1). This bit indicates an 
overflow during the division process. Division overflow 
occurs when the high word of the dividend is greater than 
or equal to the divisor. This bit is read only. When set to 1, 
it indicates overflow error. 


DIVZR Division by Zero(DO). When set to 1, this indicates 
an error of division by 0. This bit is read only. 


Example: Upon reset, the status of the MDCON register 
is 100uuu00b (D7 to DO). 


u = Undefined 
x = Irrelevant 
b = Binary 


If multiplication operation is desired, the MDCON register 
‘is set to O10xxxxxb. 


If the MDCON register is READ during multiplication, it 
would have a value of OOOQuUUOOb. 


Uponcompletion of multiplication, the result of the MDCON 
register is 100uuuOOb. 


If division operation is desired, the MDCON register is set 
to 001xxxxxb. 


During division operation, the register would contain 
OQOQuu??b (? - value depends on the DIVIDEND, DIVISOR). 


Upon completion of division operation, the MDCON regis- 
ter contains 100uuu??b. 


Note that once the multiplication/division operation starts, 
all data registers (MREG5 through MREGO) are write- 
protected and so are the writable bits of the MDCON 
register. The write protection is released once the math 
unit operation is complete. However, the registers may be 
read at any time. 


A multiplication sequence would look like: 
1. Load multiplier and multiplicand. 
2. Load MDCON register to start multiply operation. 
3 


Wait for the DONE bit of the MDCON register to be 
set to 1 and then read results. 
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Note that while the multiply/divide operation is in progress, 
the programmer can use the Z8 to do other things. Also, 
since the multiplication/division takes a fixed number of 
cycles, he can start reading the results before the DONE 
bit is set. 


During a division operation, the error flag bits are set at the 
beginning of the division operation which means the flag 
bits can be checked by the Z8 while the division operation 
is being done. 


The two general purpose registers can be used as scratch 
pad registers or as external datamemory address pointers 
during an LDE instruction. MREGO through MREGS, if not 
used for multiplication or division, can be used as general 
purpose registers. 


Performance of Multiplication. The actual multiplication 
takes 17 internal clock cycles. It is expected that the chip 
would run at a 10 MHz internal clock frequency (external 
clock divided-by-two). This results in an actual multiplica- 
tion time (16 x 16-bit) of 1.7 us. If the time to load operands 
and read results is included: 


Number of internal clock cycles to load 5 registers: 30 
Number of internal clock cycles to read 4 registers: 24 


The total internal clock cycles to perform a multiplication is 
71. This results in a net multiplication time of 7.1 us. Note 
that this would be the worst case. This assumes that all of 
the operands are loaded from the external world as opposed 
to some of the operands being already in place as a result 
of a previous operation whose destination register is one of 
the math unit registers. 


Performance of Division. The actual division needs 20 
internal clock cycles. This translates to 2.0 us for the actual 
division at 10 MHz (internal clock speed). If the time to load 
operands and read results is included: 


Number of internal clock cycles to load operands: 42 
Number of internal clock cycles to read results: 24 


The total internal clock cycles to perform a division is 86. 
This translates to 8.6 us at 10 MHz. 


A 2iLOS 


6C93 
MUuLTiPLy/DivibE MCU 





Counter/Timers 


This section describes the enhanced features of the counter/ 
timers (CTC) on the Z86C93. It contains the register 
mapping of CTC registers and the bit functions of the newly 
added Timer2 control register. 


Inastandard Z8, there are two 8-bit programmable counter/ 
timers (TO and T1), each driven by its own 6-bit program- 
mable prescaler. The T1 prescaler is driven by internal or 
external clock sources; however, the TO prescaler is driven 
by the internal clock only. 


The 6-bit prescalers divide the input frequency of the clock 
source by any integer number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When the counter 
reaches the end of the count, a timer interrupt request 
IRQ4 (TO) or IRQ5 (71), is generated. 


The counters are programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 


The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divided by four, or an external signal 
input through Port 3. The Timer Mode register configures 
the external timer input (P31) as an external clock, a trigger 
input that is retriggerable or non-retriggerable, or asa gate 
input for the internal clock. The counter/timers are cas- 
caded by connecting the TO output to the input of T1. Either 
TO or T1 can be outputted through P36. 


The following are the enhancements made to the counter/ 
timer block on the Z86C93 (Figure 18): 


m JOcounter length is extended to 16 bits. For example, 
TO now has a 6-bit prescaler and 16-bit down counter. 


m 11 counter length is extended to 16 bits. For example, 
T1 now has a 6-bit prescaler and 16-bit down counter. 


m@ A new counter/timer T2 is added. T2 has a 4-bit 
prescaler and a 16-bit down counter with capture 
register. 


These three counters are cascadable as shown in Table 6. 
The result is that T2 may be extendable to 32 bits and T1 
extendable to 24 bits. Bits 1 andO0(CAS1 AND CASO) of the 
T2 Prescaler Register (PRE2) determine the counter length. 


Table 6. Counter Length Configurations 


CAS1 CASO TO T1 T2 
0 0 8 8 32 
0 1 16 16 16 
1 0 8 24 16 
1 1 8 16 24 


The controlling clock input to T2 is programmed to XTAL/ 
2 or XTAL/8 (only when T2 counter length is 16 bits), which 
results in a resolution of 100 ns at an external XTAL clock 
speed of 20 MHz. 
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FUNCTIONAL DESCRIPTION (Continued) 


Capture Register. 12 has a 16-bit capture register aSSO- — 


ciated with T2 HIGH BYTE and T2 LOW BYTE registers. 
The negative going transition on P33 enables the latching 
of the current T2 value (16 bits) into the capture register. 
The register mapping of the capture register is in Bank D 
(Figure 13). Note that the negative transition on P33 is 


XTAL/8 


T2 o/p 
High Byte 





T1 z= 
Her an ae | 


capable of generating an interrupt. Also, the negative 
transition on P33 always latches the current T2 value into 
the capture register. There is no need for a control bit to 
enable/disable the latching; the capture register is read 
only. 


IRQ4 








IRQ5 


IRQO 


Figure 18. Counter/Timer Block Diagram 


Operation 


Except for the programmable down counter length and 
clock input, T2 is identical to TO. 


TO and T1 retain all their features except that now they are 
extendable interims of the down-counter length. 


The output of T2, under program control, goes to an output 
(P35). Also, the interrupt generated by T2 is ORed with the 
interrupt request generated by P32. Note that the service 
routine then has to poll the T2 flag bit and also clear it (bit 
7 of T2 Timer Mode Register). 


On power-up, TO and T1 are configured in the 8-bit down 
counter length mode (to be compatible with Z86C91) and 
T2 is in the 32-bit mode with its output disabled (no 
interrupt is generated and T2 output does not go to port 
P35). 


The UART uses TO for generating the bit clock. This means, 
while using UART, TO should be in 8-bit mode. So, while 
using the UART there are only two independent timer/ 
counters. 


The counters are configured in the following manner: 


Timer Mode Byte 

TO 8-bit Low Byte (TO) 

TO 16-bit High Byte (TO) + Low Byte (TO) 

T1 8-bit Low Byte (T1) 

T1 16-bit High Byte (T1)+ Low Byte (T1) 

T1 24-bit High Byte (TO) + High Byte (T1) 
+ Low Byte (11) 

T2 16-bit High Byte (T2) + Low Byte (12) 

T2 24-bit High Byte (TO) + High Byte (T2) 
+ Low Byte (T2) 

T2 32-bit High Byte (TO) + High Byte (T1) 


+ High Byte (T2) + Low Byte (T2) 


Note that the T2 interrupt is logically ORed with P82 to 
generate IRQO. 
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The T2 Timer Mode register is shown in Figure 19. Upon 
reaching end of count, bit 7 of this register is set to one. This 
bit is notreset in hardware and it has to be cleared by the 
interrupt service routine. 


T2 interrogates the state of the Count Mode Bit (D2) once 
it has counted down to its zero value. T2 then makes the 
decision to continue counting (Modulo-n Mode) or stop 
(Single Pass Mode). Monitor this function if attempting to 
modify the count mode prior to the end of count bit (D7) 
being set. 


T2 TMR (D) 01 


[o7| p¢ {05 [D4 Jos  p2| p+ {oo} 


0 No Function 
1 Load T2 


0 Disable T2 Count 
1 Enable T2 Count 


Count Mode 
0 T2 Single Pass 
1 T2Modulo N 


Interrupt Enabled 
0 Disable 
1 Enable 


T2 Out (P35) 
0 Disable 
1 Enable 


Reserved (Must be 0) 


T2 CLOCK Source 
0 XTAL/8 
1 XTAL/2 


T2 End Of Count 


0 Not EOC 
1 EOC 


Figure 19. T2 Timer Mode Register (T2) 


The register map of the new CTC registers is shown in 
Figure 13. TO high byte and T1 high byte are at the same 
relative locations as their respective low bytes, but in a 
different register bank. 


The T2 Prescaler Register is shown in Figure 20. Bits 1 and 
O of this register control the various cascade modes of the 
counters. 


PRE2 (D) 03 
or] oe]os]o<]oo]oo]os]oo 
i kane CTC Cascade Control Bits 


TO T1 = T2 
00. «8 8 32 
01 16 16 16 
10 8 24 16 
1 8 16 24 


Reserved (Must be 0) 
Prescaler Modulo 


(Range: 1 - 16 Decimal 
01 - 00 Hex) 


Figure 20. T2 Prescaler Register (PRE2) 
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FUNCTIONAL DESCRIPTION (Continued) 
Interrupts | 


The Z86C93 has six different interrupts from nine different 
sources (Figure 21). The interrupts are maskable and 
prioritized. The nine sources are divided as follows: four 
sources are Claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and three in the counter/timers. The 
Interrupt Mask Register globally or individually enables or 
disables the six interrupt requests. When more than one 
interrupt is pending, priorities are resolved by a program- 
mable priority encoder that is controlled by the Interrupt 
Priority register. All Z86C93 interrupts are vectored through 
locations in the program memory. When an interrupt ma- 
chine cycle is activated an interrupt request is granted. 
Thus, this disables all of the subsequent interrupts, save 
the Program Counter and Status Flags, and then branches 
to the program memory vector location reserved for that 
interrupt. This memory location and the next byte contain 
the 16-bit address of the interrupt service routine for that 
particular interrupt request. 


To accommodate polled interrupt systems, interrupt in- 
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests need 
service. Software initiated interrupts are supported by 
setting the appropriate bitin the Interrupt Request Register 
(IRQ). | 


Internal interrupt requests are sampled on the falling edge . 
of the last cycle of every instruction. The interrupt request 
must be valid 5TpC before the falling edge of the last clock 
cycle of the currently executing instruction. 


When the device samples a valid interrupt request, the 
next 48 (external) clock cycles are used to prioritize the 
interrupt, and push the two PC bytes and the FLAG register 
onthe stack. The following nine cycles are used to fetch the 
interrupt vector from external memory. The first byte of the 
interrupt service routine is fetched beginning on the 58th 
TpC cycle following the internal sample point, which cor- 
responds to the 63rd TpC cycle following the external 
interrupt sample point. 


IRQO0 IRQ2 


IRQ1, 3, 4,5 


Interrupt 
Edge 
Select 


IRQ (D6, D7) 


Global 
Interrupt 
Enable 
Interrupt 
Request 





PRIORITY 
LOGIC 


Vector Select 


Figure 21. Interrupt Block Diagram 
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AW Silas MULTIPLY/DivinE MCU 
Table 7. Interrupt Types, Sources, and Vectors 

Name Source Vector Location Comments 

IRQO /DAVO, P82, T2 0, 1 External (P32), Programmable Rise or Fall Edge Triggered 

IRQ1 P33 2,3 External (P33), Fall Edge Triggered 

IRQ2 /DAV2, P31, T,,, 4,5 External (P31), Programmable Rise or Fall Edge Triggered 

IRQ3 P30, Serial In 6, 7 External (P30), Fall Edge Triggered 

IRQ4 TO, Serial Out 8,9 Internal 

IRQ5 71 10, 11 Internal 
Clock 


The Z86C93 on-chip oscillator has a high-gain, parallel- 
resonant amplifier for connection to a crystal, LC, ceramic 
resonator, or any suitable external clock source (XTAL1 = 
Input, XTAL2 = Output). The external clock levels are not 
TTL. The crystal should be AT cut, 1 MHz to 25 MHz max, 
and series resistance (RS) is less than or equal to 100 








Ohms. The crystal should be connected across XTAL1 
and XTAL2 using the recommended capacitors (10 
pF<CL<100 pF) from each pin to ground (Figure 22). 


Note: Actual capacitor values specified by the crystal 
manufacturer. 


XTAL1 XTAL1 XTAL1 
XTAL2 XTAL2 XTAL2 
Ceramic Resonator LC CLOCK External Clock 


or Crystal 


Figure 22. Oscillator Configuration 


Power Down Modes 


HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en- 
abled) to exit HALT mode, After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 


STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur- 
rent to 5 pA (typical) or less. The STOP mode is terminated 
by a /RESET, which causes the processor to restart the 
application program at address OOOCH. 


In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user executes 
a NOP (opcode = OFFH) immediately before the appropri- 
ate sleep instruction, i.e.: 


FF NOP _ ; clear the pipeline 

6F STOP ; enter STOP mode 
or 

FF NOP _ ; clear the pipeline 

7F HALT ; enter HALT mode 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Description Min 


Max Units 
Voc so Supply Voltage” 0.3 +7.0 V 
aie Storage Temp —65° +150° C 
he Oper Ambient Temp T T C 
Notes: 


* Voltages on all pins with respect to GND. 
t See Ordering Information 


STANDARD TEST CONDITIONS 


The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin Test Load 
Diagram (Figure 23). 
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Stresses greater than those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to the de- 
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe- 
riod may affect device reliability. 






DUT V Commutation 


(Device Under 
Test) 


Figure 23. Test Load Diagram 


A ZiLOS 


6C93 
MuLTIPLY/DivipE MCU 





DC ELECTRICAL CHARACTERISTICS 


Vag = 3.3V +10% 


Sym __ Parameter 


Max Input Voltage 
Clock Input High Voltage 
Clock Input Low Voltage 
Input High Voltage 
Input Low Voltage 


= = 2-9 


Output High Voltage 
Output High Voltage 
Output Low Voltage 
Reset Input High Voltage 
Reset Input Low Voltage 


za oOo 2Oo fo 
SC en So 


<<< cc fj <r cc < 


2 


Input Leakage 
Output Leakage 
Reset Input Current 
Supply Current 


Stand By Current (HALT mode) 
Stand By Current (HALT mode) 
Auto Latch Low Current 


5 So = 


SoS = 
oO 


© 
QO 
pare 


oO 
oO 
ie) 


> 
— 
= 


Note: 


T, = 0°C to +70°C 


Min Max 
7 
0.8V,. Veo 
—0.3 pe Ul Neg 
0.7 Voc Voc 
0.3 OF Veg 
1.8 
Veg — 100 mV 
0.4 
0.8V.. Va 
—0.3 0.1 Vig 
—2 2 
—2 2 
—120 
30 
12 
8 
-10 10 


[1] All inputs driven to OV, V., and outputs floating. 


Typical 
at 25°C 


cm — © 


Units 


B52 Z3EEE <<<cc<e| <<c ccc 


Conditions Notes 


Ly <200 pA 
Driven by External Clock Generator 
Driven by External Clock Generator 


Ly = 1.0 mA 


lw = —100 pA 
lo, = #1.0 mA 


Test at OV, V,,. 

Test at OV, V.,, 

V,, = OV 

@ 25 Mhz [1] 


HALT mode V,,=OV,V,,@25MHz [1] 
STOP mode V,,= OV, V,,, [1] 
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DC ELECTRICAL CHARACTERISTICS 
Voc = 5.0V £10% 





sym 


fz 2-3 


2 oOo Ss & 
aor ee 


a 


Zz 


a> oOo rf 


OQ 
oO 


CCi 


CC2 
ALL 


Note: 


Parameter 


Max Input Voltage 
Clock Input High Voltage 
Clock Input Low Voltage 
Input High Voltage 
Input Low Voltage 


Output High Voltage 
Output High Voltage 
Output Low Voltage 
Reset Input High Voltage 
Reset Input Low Voltage 


Input Leakage 


Qratnist | anblana 


Vulpul LoanaysG 
Reset Input Current 
Supply Current 


Standby Current (HALT mode) 


Standby Current (STOP mode) 
Auto Latch Current 


T, = 0°C to +70°C 
Min Max 


7 
3.8 V 
-0.3 0.8 
2.0 V 
0.3 0 


2.4 
Vop—100 mV 


—16 16 


[1] All inputs driven to OV, or V,. and outputs floating. 
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Typical 
at 25°C 


35 
25 
20 


15 


Units 


32335525) <<<<<|) <<<<< 


BEZ3S 


Conditions 


ly < 250 pA 


Z86C93 
MULTIPLY/DiviDE MCU 


Driven by External Clock Generator 
Driven by External Clock Generator 


-2.0 mA 


—100 pA 
+5 mA 


OH 
OH 
OL 


Test at OV, V,. 


Taat nt WN! VI 
IGOl al UV, Voc 


V_, = OV 

@ 33 MHz 
@ 25 MHz 
@ 20 MHz 


HALT mode V,, = 
HALT mode V,, = 
HALT mode V,,.= 
STOP mode V,, 


=QV,V 


OV, V.. @ 25 MHz 


1 CC 


OV, V.. @ 33 MHz 


OV. Vv. @ 20 MHz 


» CC 
CC 


Notes 


[1] 
[1] 
[1] 


[1] 
[1] 
[1] 
[1] 


: Z86C93 
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AC CHARACTERISTICS 
External I/O or Memory Read/Write Timing Diagram 





R/W, /DM 


an 
~ S 





Port 0 c AB -A15 a: 


Port 1 7 || 0-a7 7 ~DO- D7 IN eo 7 AO-A7 
ie aA 
a © 

Bead 

/AS 

(11) 


(Read) @ (7) 


(4) (5) 
@ 
(Write) 


Figure 24. External i/O or Memory Read/Write Timing 


Port 


y. 
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AC CHARACTERISTICS 
External I/O or Memory Read and Write; DSR/DSW; WAIT Timing Table 





— OO CO ™N M® cm —& Gc PO — 


T, = 0°C to +70°C Typical 
33 MHz 25 MHz 20 MHz Veg 5:0V 
No Symbol Parameter Min Max Min Max Min Max @25°C Units 
TdA(AS) Address Valid To /AS Rise Delay 13 22 26 ns 
TdAS(A) /AS Rise To Address Hold Time 20 20 28 ns 
TdAS(DI) /AS Rise Data In Rea’d Valid Delay 90 130 160 ns 
TwAS /AS Low Width 20 28 36 ns 
-TdAZ(DSR) Address Float To /DS Fall (Read) 0 0 0 ns 
TwDSR /DS (Read) Low Width 65 100 130 ns 
TwDSW /DS (Write) Low Width 40 65 75 ns 
TdDSR(DI) /DS Fall (Read) To Data in Req'd Valid Delay 30 85 100 ns 
ThDSR(DI) /DS Rise (Read) to Data In Hold Time 0 0 0 ns 
0 TdDS(A) /DS Rise To Address Active Delay 29 40 48 ns 
11 TaDS(AS) /DS Rise Tu /AS Deiay i6 3U 36 ns 
12 TdR/W(AS) R/W Valid To /AS Rise Delay 12 26 32 ns 
13 TdDS(R/W) /DS Rise To R/W Not Valid Delay 12 30 36 ns 
14 TdDO(DSW) Data Out To /DS Fall (Write) Delay 12 34 40 ns 
15 ThDSW(DO) /DS Rise (Write) To Data Out Hold Time 12 34 40 ns 
16 TdA(DI) Address Valid To Data In Req'd Valid Delay 110 160 200 ns 
17 TdAS(DSR) /AS Rise To /DS Fall (Read) Delay 20 40 48 ns 
18 TaDI(DSR) Data In Set-up Time To /DS Rise Read 16 28 36 ns 
19 TdDM(AS) /DM Valid To /AS Rise Delay 10 22 26 ns 
20 TdDS(DM) /DS Rise To /DM Valid Delay 34* ns 
21 ThDS(A) /DS Rise To Address Valid Hold Time 34* ns 
22 TdXI(SCR) XTAL Falling to SCLK Rising 20* ns 
23 TdXT(SCF) XTAL Falling to SCLK Falling 23” ns 
24 TdXT(DSRF) XTAL Falling to/DS Read Falling 29* ns 
20 TdXT(DSRR) XTAL Falling to /DS Read Rising 29" ns 
26 TdXT(DSWF) XTAL Falling to /DS Write Falling 29" ns 
27 TdXT(DSWF) XTAL Falling to /DS Write Rising 29" ns 
28 TsW(XT) Wait Set-up Time 10* ns 
29 ThW(XT) Wait Hold Time: i “190 ns 
30 TwW Wait Width (One Wait Time) 20" ns 
Notes: 


When using extended memory timing add 2 TpC. 
Timing numbers given are for minimum TpC. 
* Preliminary value to be characterized. 
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AC CHARACTERISTICS (Continued) 


XTAL | | | | | | | 


“IF are 


SCLK 


DSR 


Figure 25. XTAL/SCLK to DSR and DSW Timing 


Figure 26. XTAL/SCLK to WAIT Timing 
(25 MHz & 33 MHz Device only) 


Z86C93 
MULTIPLY/DivibE MCU 
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AC CHARACTERISTICS 
Additional Timing Diagram 


Clock 


TIN 


Figure 27. Additional Timing 


AC CHARACTERISTICS 
Additional Timing Table 


T, = 0°C to +70° C 


33 MHz 25 MHz 
No Symbol Parameter Min Max Min Max Min 
1 = -TpC Input Clock Period 30 1000 42 1000 50 
2 TC, TfC Clock Input Rise & Fall Times 5 10 
3 TwC Input Clock Width 10 11 15 
4 Twink Timer Input Low Width’ OU 19 19 
5 TwiinH Timer Input High Width 3TpC = 3T pC 3TpC 
6 = Tptin Timer Input Period 8TpC ~=—- BT pC 8TpC 
7 ‘Trvin,TfTin Timer Input Rise & Fall Times 100 100 100 
8A TwiL Interrupt Request Input Low Times 70 70 70 
8B TwiL Interrupt Request Input Low Times 5TpC }=—s- ST pC 5TpC 
9  TwiH Interrupt Request Input High Times 3TpC = 3T pC 3TpC 
Notes: 


[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

[3] Interrupt references request through Port 3. 

[4] Interrupt request through Port 3 (P33-P31). 

[5] Interrupt request through Port 30. 
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20 MHz 


Max 


1000 
10 


Units 


NS 
ns 
ns 


ns 


AS 


ns 


Notes 


[1] 
[1] 
[1] 


[2] 
[2] 
[2] 
(2] 


[2,4] 
[2,5] 
[2,3] 
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A Pd | Ma | MuLTiPLy/DivibE MCU 


AC CHARACTERISTICS 
Handshake Timing Diagrams 


Data In ( Data In Valid > Next Data In Valid 


inca f Delayed DAV 
nput | 4 
4) 










f-—----+ 


RDY 
(Output) 
Figure 28. Input Handshake Timing 
Data Out 4 Data Out Valid a Next Data Out Valid 
@ 
/DAV 
(Output) 





(0) 
RDY ue Delayed RDY y; 
(Input) 4 St ene J 


Figure 29. Output Handshake Timing 
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AC CHARACTERISTICS 
Handshake Timing Table 


— — © CoO ™N M& an & Ww Mrmr — 


— Cc 
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symboi 


TsDI(DAV) 
ThDI(DAV) 
TWwDAV 
TADAVIN(RDYE) 


TdDAVIr(RDYr) 


TdRDYOr(DAVIFf) 
TdDO(DAV) 
TdDAVOF(RDY If) 


TARDY If(DAVOr) 
TwRDY 
TARDY Ir(DAVO?) 


T, = 0°C to +70°C 


Parameter Min 
Data In Setup Time to /DAV 0 
RDY to Data In Hold Time 0 
/DAV Width 40 
/DAV to RDY Delay 

DAV Rise to RDY Wait Time 

RDY Rise to DAV Delay 0 
Data Out to DAV Delay 

/DAV to RDY Delay 0 
RDY to /DAV Rise Delay 

RDY Width 40 
RDY Rise to DAV Wait Time 


Max 


70 
40 


TpC 


10 


40 


Units 


Ns 
ns 
ns 
ns 


Ns 


ns 
Ns 
Ns 


NS 
NS 
ns 


| Z86C93 
MuLTIPLy/DivIDE MCU 


Data 
Direction 


In 
In 
In 
In 


In 


In 
Out 
Out 


Out 
Out 
Out 
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EXPANDED REGISTER FILE CONTROL REGISTERS 


T2 TMR (D) 01 


[b7 [pe] 05 | p+} ba] ba [01 J 00) 
flee 


0 No Function 
1 LoadT2 


0 Disable T2 Count 
1 Enable T2 Count 


Count Mode 
0 T2 Single Pass 
1 T2Modulo N 


Interrupt Enabled 
0 Disable 
1 Enable 


T2 Out (P35) 
0 Disable 
1 Enable 


Reserved (Must be 0) 
T2 CLOCK Source 

0 XTAL/8 

1 XTAL/2 

T2 End Of Count 


0 Not EOC 
1 EOC 


Figure 30. Timer 2 Mode Register 
(01H: Read/Write) 


T1H (D) 02 


er Por] oso] mo] oe] oe] 


(When Written) 


T1 High Byte Current Value 
(When Read) 


Figure 31. Counter Timer 1 Register High Byte 
(02H: Read/Write) 


PRE2 (D) 03 


er Poses] os oe]or foo 


fice es CTC Cascade Control Bits 
TO Ti T2 
00 8 8 32 
01 16 16 16 
10 8 24 16 
11 8 16 24 
Reserved (Must be 0) 


Prescaier Moduilo 
(Range: 1 - 16 Decimal 
01 - 00 Hex) 


Figure 32. Prescaler 2 Register High Byte 
(03H: Write Only) 


TOH (D) 04 


[57] pe} ps] D4} da] v2] 01] Do 
eee TO High Byte Initial Value 


(When Written) 


TO High Byte Current Value 
(When Read) 


Figure 33. Counter Timer 0 Register High Byte 
(04H: Read/Write) 


T2H (D) 06 


[07] b8[ ns] n4] ve{ n2] p1| bo 


(When Written) 


T2 High Byte Current Value 
(When Read) 


Figure 34. Counter Timer 2 Register High Byte 
(06H: Read/Write) 
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MuttipLy/DivioE MCU 
Z8 CONTROL REGISTERS 
T2L (D) 07 R241 TMR 
[07 | 06} Ds} D4} D3} D2} D1} bo) -Lez[ pe] os] D4] 03} 2] 01] 
LL. 0 No Function 
T2 Low Byte Initial Value 1 Load TO 
When Writt 
a ll 0 Disable TO Count 
T2 Low Byte Current Value 1 Enable TO Count 
(When Read) 0 No Function 
1 LoadT1 
Figure 35. Counter Timer 2 Register Low Byte Cees 


(07H: Read/Write) 


MDCON (E) 06 


107| oe} os] 4] os] o2] 01] bo 


| T "yy. | | oa 
tee Divide by Zero Error (Read Only) 
0 = No Error 
1 = Error 
Division Overflow (Read Only) 
0 = No Overflow 
1 = Overflow 
Reserved (Must be 0) 
Function Selection 


00 = NOP 

01 = Division Select 

10 = Multiplication Select 
11 = NOP 


Handshake Bit 
0 = Data Register Load & Begin Operation (Write) 
1 = Operation Completed (Read) 


Figure 36. Multiply/Divide Control Register 
(MDCON) 


R240 SIO 


[57] ve} os] v4] 3] D2} 01] bo) 
hee Serial Data (DO = LSB) 


Figure 37. Serial I/O Register 
(FOH: Read/Write) 
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TIN Modes 

00 External Clock Input 

01 Gate Input 

10 Trigger Input 
(Non-retriggerable) 

11 Trigger Input 
(Retriggerable) 

TOUT Modes 

QU Not Used 

01 TO Out 

10 11 Out 

11 Internal Clock Out 


Figure 38. Timer Mode Register 
(F1H: Read/Write) 


R242 T1 


[57] be] os] ba} os} p2] D1] bo} 
ee T1 Low Byte Initial Value 


(When Written) 


Ti Low Byte Current Value 
(When Read) 


Figure 39. Counter/Timer 1 Register 
(F2H: Read/Write) 
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R243 PRE1 


er] os] oof oe] oo] oe] oT oo 


R245 PREO 


[07] bs] vs] D4] 09] p2} or] bo| 


= Count Mode L Count Mode 
0 11 Single Pass 0 TO Single Pass 
1 11 Modulo N 1 TO Modulo N 
Clock Source 
+ TH Internal Reserved (Must be 0) 
0 T1 External Timing Input Prescaler Modulo 
(TIN) Mode (Range: 1-64 Decimal 


Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 


01-00 HEX) 


Figure 42. Prescaler 0 Register 


Figure 40. Prescaler 1 Register 
(F3H: Write Only) 


R246 P2M 


R244 TO 


[07] be} os} 04} ps} 02} ps] Do) 


TO Low Byte Initial Value 
(When Written) 


TO Low Byte Current Value 
(When Read) 


Figure 41. Counter/Timer 0 Register 
(F4H: Read/Write) 


R247 P3M 


p7| be} bs} D4] pe] 2] ps] no 


Reserved (Must be 0) 


QO P32 = Input 
1 P32 =/DAVO/RDYO 


00 P33 = Input 


01 
‘ot P33 = Input 


11 Reserved 


0 P31 = Input (TIN) 
1 P31 =/DAV2/RDY2 


Q P30 =Input 
1 P30 = Serial IN 


0 Parity OFF 
1 Parity ON 


IIT 


Figure 44. Port 3 Mode Register 
(F7H: Write Only) 


(F5H: Write Only) 


[07 b6} ps] p4] oa] nz} or jbo] 


0 Defines Bit as Output 
1 Defines Bit as Input 


Figure 43. Port 2 Mode Register 
(F6H: Write Only) 


0 Port 2 Pull-Ups Open Drain 
1 Port 2 Pull-Ups Active 


P35 = Output 
P35 = RDYO//DAVO 


P34 = Output 
P34 =/DM 


P36 = Output (TOUT) 
P36 = RDY2//DAV2 


P37 = Output 
P37 = Serial OUT 
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Z8 CONTROL REGISTERS (Continued) 


R248 PO1M 


[Be [Be] Os | ep bal 2 | 01/00 


f 


PO3 - POO Mode 
00 Output 

01 Input 

1X A11-A8 


Stack Selection 
O External 
1 Internal 


P17 - P10 Mode 
00 Reserved 
01 Reserved 
10 AD7-ADO 
11 Reserved 


External Memory Timing 
0 Normal 

1 Extended 
Porrironmcas 

00 Output 


01 Input 
1X A15-A12 


Figure 45. Ports 0 and 1 Mode Registers 
(F8H: Write Only) 


R249 IPR 


[07] be] ps] D4 [ps | p2| D1] bo 


Oo 
N 


Interrupt Group Priority 
000 Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111. Reserved 


IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 > IRQ4 
1 !RQ4>IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2 > IRQO 
1 IRQO>IRQ2 


IRQ3, IRQ5 Priority (Group A) 
0 IRQS > IRQ3 
1 IRQ3>1RQ5 


Reserved (Must be 0) 


ipa 


Figure 46. Interrupt Priority Register 
(F9H: Write Only) 
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R250 IRQ 


oz] ps | vs] v4] ps | pe] v1] 00 
ns ania 


IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input 
IRQ4 =TO 
IRQ5 =T1 


Reserved (Must be 0) 


Figure 47. interrupt Request Register 
(FAH: Read/Write) | 


R251 IMR 





Le 1 Enables IRQO0-IRQ5 


(DO = IRQO) 
Reserved (Must be 0) 
1 Enabies Interrupts 


Figure 48. Interrupt Mask Register 
(FBH: Read/Write) 


R252 FLAGS 


o7 [ps] 05] ps} 03/02} 01 | po) 


User Flag F1 

User Flag F2 

Half Carry Flag 
Decimal Adjust Flag 
Overflow Flag 

Sign Flag 

Zero Flag 


iz 


Carry Flag 


Figure 49. Flag Register 
(FCH: Read/Write) 


. Z86C93 
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R253 RP R255 SPL 


7 | 06 [ps }p4 } 3 |o2 [D1 J 00, 107} ps} ps] 4] pa} p2} pi] bo 
| is aeees Expanded Register File — Stack Pointer Lower 
Working Register Pointer BVEKShO Soe) 


Figure 50. Register Pointer Figure 52. Stack Pointer Low 
(FDH: Read/Write) (FFH: Read/Write) 


R254 SPH 


er] oo] os] oe] oo] oa] oe] oo 


Byte (SP8 - SP15) 


Figure 51. Stack Pointer High 
(FEH: Read/Write) 
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INSTRUCTION SET NOTATION 


Addressing Modes. The following notation is used to . 


describe the addressing modes and instruction opera- 
tions as shown in the instruction summary. 


Symbol 
IRR 


Irr 
Xx 
DA 
RA 
IM 
R 

r 
IR 


Ir 
RR 


Meaning 


Indirect register pair or indirect working- 
register pair address 

Indirect working-register pair only 
Indexed address 

Direct address 

Relative address 

Immediate 

Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 

Indirect working-register address only 
Register pair or working register pair 
address 


Symbols. The following symbols are used in describing 
the instruction set. 


Symbol 
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Meaning 


Destination location or contents 
Source location or contents 
Condition code 

Indirect address prefix 

Stack Pointer 

Program Counter 

Flag register (Control Register 252) 
Register Pointer (R253) 

Interrupt mask register (R251) 


Flags. Control register (R252) contains the following six 


flags: 


Symbol 


TCO<ONOQO 


Meaning 


Carry flag 

Zero flag 

sign flag 

Overflow flag 
Decimal-adjust flag 
Half-carry flag 


Affected flags are indicated by: 


—+— © 


Clear to zero 

Set to one 

Set to clear according to operation 
Unaffected 

Undefined 





: Z86C9 

a 2ildis MULTIPLY/DivibE MCU 
CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 

0111 C Carry Ca1 

1111 NC No Carry Cag 

0110 Z Zero Z= 1 

4410 NZ Not Zero Z=0 

1101 PL Plus 520 

0101 MI Minus S= 1 

0100 OV Overflow V=1 

1100 NOV No Overflow V=0 

0110 EQ Equal Z=1 

1110 NE Not Equal ZO 

1001 GE Greater Than or Equal (S XOR V) = 0 

0001 LT Less than (S XOR V) = 1 

1010 GT Greater Than [Z OR(S XOR V)] = 0 

0010 LE Less Than or Equal [Z OR(S XOR V)] = 1 

1111 UGE Unsigned Greater Than or Equal C=0 

0111 ULT Unsigned Less Than CHT 

1011 UGT Unsigned Greater Than (C=0 ANDZ=0)=1 

0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 

0000 F Never True (Always False) — 
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INSTRUCTION FORMATS 


OPC 
dst/src 


C 
VALUE 


U Uv 
@) 


OP 
src 


OR L1110 | dstisre_ 


O 
D 


OPC 


|_dst_| OPC _ 


CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 


One-Byte Instructions 


CLR, CPL, DA, DEC, 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 


JP, CALL (Indirect) 


SRP 


ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 
TM, XOR 


OPC LD, LDE, LDEI, 
dciare LDC, LDCI 
dst/src | OPC ‘LD 

OR 
| _dst_| OPC | LD 
| _VALUE _| 
dst/CC | OPC DJNZ, JR 
FFH STOP/HALT 
6FH 7FH 
Two-Byte Instructions 
INSTRUCTION SUMMARY 


Note: Assignment of a value is indicated by the symbol 
“«", For example: 


dst — dst + src 


indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 
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oR 
ast] on 


OPC 


| MODE | OPC _ 


[ast J on Pro] eat 











TMobe | OPo 
Pasvere | x 





pt110] src | 
piito| dst_ 


[wOoE 
et fon ere] a 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 


ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 


LD 


JP 


CALL 


Three-Byte Instructions 


notation “addr (n)” is used to refer to bit (n) of a given 


operand location. For example: 


dst (7) 


refers to bit 7 of the destination operand. 


A 2iLOS 





INSTRUCTION SUMMARY 


Instruction 
and Operation 


ADC dst, src 
dstdst + src +C 


ADD dst, src 
dstedst + src 


AND dst, src 
dstedst AND src 


CALL dst 
SP<-SP - 2 
@SP<PC, 
PC<—dst 


CCF 
CeNOT C 


CLR dst 
dst0 


COM dst 
dste-NOT dst 


CP dst, src 
dst — src 


DA dst 
dstDA dst 


DEC dst 
dstdst — 1 


DECW dst 
dstedst — 1 


DI 
IMR(7)<0 


DJNZr, dst 
rer—1 

ifr #0 
PC<—PC + dst 
Range: +127, 
—128 


EI 
IMR(7)—1 


HALT 


Address Opcode 


Mode Byte 
dst src (Hex) 
t Il ] 
t Ol 
t 5[ | 
DA D6 
IRR D4 
EF 
R BO 
IR BI 
R 60 
IR 61 
t Af ] 
R 40 
IR 4] 
R 00 
IR 01 
RR 80 
IR 81 
8F 
RA (A 
r=0-F 
OF 
7F 


Flags Affected 
CZS VODH 


kk KK O 


Instruction 
and Operation 


INC dst 
dstedst + 1 


INCW dst 
dstedst + 1 


IRET 
FLAGS<—-@SP; 
SP<—SP + 1 
PC<-@SP; 
SP<SP + 2; 
IMR(7)<-1 


JP cc, dst 
if cc is true, 
PC<—dast 


JR cc, dst 

if cc is true, 
PC<PC + dst 
Range: +127, 
—128 


LD dst, src 
dstesrc 


LDC dst, src 
dstesrc 


LDCI dst, src 
dstesrc 
rer t+ Vitre—rr + 1 


Address Opcode 


Mode Byte 

dst src (Hex) 

r rE 
r=0-F 

R 20 

IR 21 

RR AO 

IR Al 
BF 

DA cD 
c=0-F 

IRR 30 

RA cB 
c=0-F 

r Im 

r R 8 

R ff r9 
r=Q0-F 

r XxX C7 

X D7 

r or E3 

lr or F3 

R R E4 

R IR &E5 

R IM E6 

IR IM &E7 

IR R F5 

r Mr C2 

lr Ir C3 


Z86C93 
MuLTIPLy/DivinE MCU 


Flags Affected 
CZSs VD 


- KK - 
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INSTRUCTION SUMMARY (Continued) 





Address Opcode | Address Opcode 


Instruction Mode Byte + Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) -C ZS V DH and Operation = dst src (Hex) C ZS VODH 
NOP FF - - = 2 = = STOP : 6F - Jo- - - - - 
OR dst, src T 4 ] - *€# OO - - SUB dst, src T al | * Kk KK 1 OK 
dste—dst OR src | dst«—dst<—src 7 
POP dst | R 50 DH ee eee SWAP dst R FO X * #* X - - 
dst-@SP; IR 51 IRs FA 
PUSH sic R 70 CO 
SP<-SP — 1; IR 71 ee ee ae aac eae eee 
@SPesrc TCM dst, src T 6[ J - **kO - - 
ee, NOT Sl) | 
RCF | CF Oe a Se AND src 
C0 SN es are ee ee ec 
Sa a ee ee ee. AMS Sec T 7) - #£*& 0 - - 
RET AF - 7 7 = = = dst AND src 3 | 
PC<—@SP-: | Ss ee ees a, 
SPe_SP +2 . XOR dst, src T BI ] - * *& Q - - 
ca cae See ee ee, §@6 ISTE IGh 7 
RL dst. R 90 kK KK - - XOR src 

IR 91 ———_—_—_ 

<= ; t+ These instructions have an identical set of addressing modes, which 

are encoded for brevity. The first opcode nibble is found in the instruction 
a ee set table above. The second nibble is expressed symbolically by a‘[ ]’ 
RLC dst R 10 * OK OK OK - - in this table, and its value is found in the following table to the left of the 

IR 11 applicable addressing mode pair. - 
For example, the opcode of an ADC instruction using the addressing 
$$ modes r (destination) and Ir (source) is 13. 
RR dst R EO KK KK - - 

IR E1 

Address Mode Lower 
{7} dst src _ Opcode Nibble 
RRC dst R CO * OK KK - - r r | [2] 
OR C1 a 

ro fe 
SBC dst, src tT - 2) kek KK 1K R R | [4] 
dst—dst—src<—C 
SCF DF (ee oe : : I] 
CH R IM [6] 
SRAdst  R DO ke KO - - 7 

IR Dt IR IM 7] 
PT 

kx 

SRP dst lm 31 - 2-2 ef ee 
RP<sic 
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OPCODE MAP 





Lower Nibble aaa 
0 1 2 5 6 8 A D E F 








































6.5 10.5 | 10.5 12/10.5]12/10.0/ 6.5 |12.10.0] 6.5 i 
0 | DEC ae abo app | app | app | app | app DJNZ | JR LD JP INC 
R1 li al ie rf, Ir2 | R2,R1 | IR2, R14} 1, IM | IR1, IM] rt, R2 r1,RA |cc,RA|ri,IM |cc,DA] rt 
6.5 6.5 70.5 | 105 | 105 | 105 = 
1 RLC ate aoe ADC | ADC | ADC | ADC | ADC 
R1 a af e IR2, R1} R1, 1M] IR4, IM 
6.5 65 T 105 1 105 1 105 10.5 - 
2 INC tie ae SUB | SUB | SUB | SUB | SUB 
R1 lil , e IR2, R1] R41, IM | IR4, IM 
8.0 105 | 105 1 105 | 105 Zz 
3 JP snp oan eae sBc | SBC | sBC | SBC 
IRR1 af ue r1, Ir2 | R2,R1 | IR2, R1] 1, IM] IR1, IM 
8.5 6.5 | 105 ve Ss 10.5 - 
4 DA OR OR OR 
R14 i H Ee os ie a a IR1, IM 
105 | 105 705 | 105 | 105 1 105 3 
5 POP Ap ane AND | AND | AND | AND 
IR1 al 2 al le R2, R1 JIR2, Ri] R1, IM | IR1, IM 
6.5 105 | 105 | 105 | 105 6.0 
6 co a rch TCM | TCM | TCM | TCM 
¥ IR4 ae rf, Ir2 | R2,R1 {IR2,R1] R1,1M | IR1, IM 
x 10/12.1| 12/14.1 6.5 | 10.5 ee i 10.5 
@ 7 | PUSH| PUSH ™ ™ ™ 
2 ESE ES 4, 2 jam me | IR2, RI iil IR1, IM 
Zz 10.5 | 105 | 120 | 180 ; 
1 mle! | | | 
2 RR1 IR1 ri, drr2 | ir, trr2 
6.5 6.5 | 120 | 18.0 
a ESE 
R1 IR1— J r2, Irrd | tr2, Irrt 
105 | 105 {| 65 6.5 10.5 | 10.5 |, 
A INCW | INCW | CP cP cP cP cp | cP 
RR1 IR1 {| rt,r2 | rt, tr2 | R2, R1 JIR2, R1} R14, IM] IR4, IM 
6.5 6.5 6.5 65 | 105 | 105 | 105 
B CLR | CLR | xoR | xOoR | xoR | XOR | XOR | XOR 
R14 IR1 r1,r2 | rt, Ir2 | R2,R1 | IR2,R1} R41, IM }IRI, IM 
6.5 65 | 120 | 18.0 ee 
¢ [ane | nrc | toe | toe p | | [e 
a ri, Irr2 Flr, Irr2 r1,x,R2 
20.0 mE: 20.0 cs ; 
D SRA Aa Loc | Loci | CALL“ CALL 
x rt, irra = 7 IRR1 eet 
n | | to 10 ies 18 10.5 
E LD 
ie r1, IR2 on a Nee R1 er “ IR1, iM 
10.5 
cman 
R41 IR1 Ir1, r2 R2, IR 
nce gore te eames EG, ssn 


Bytes per Instruction 







pabiiel Legend: 
hala R = 8-bit Address 
; Nibble 
Execution Pipeline r = 4-bit Address 
Cycles | Cycles R1 or r1 = Dst Address 
R2 or r2 = Src Address 
Upper ; 
Opcode ——eA Mnemonic Sequence: 
Nibble Opcode, First Operand, 
Second Operand 
First Second Note: Blank areas not defined. 
Operand Operand 


*2-byte instruction appears as 
a 3-byte instruction 
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PACKAGE INFORMATION 












MILLIMETER 
| MIN | MAX _| 
| ost | ost 
| 325 | 


INC! 






070 


Qi 


o 
~~ 
BF 










































































A2 




















































ona 100 TYP 


uw 
az 
Case | 
< 
wu: 
=) 
Nw 





MATA AARAtiAROAAT 








Bl 


CONTROLLING DIMENSIONS | INCH 


40-Pin DIP Package Diagram 






Al 


0.66/0,51 
026/.020 


43° 





DIM. FROM CENTER 
TO CENTER OF RADII 








MILLIMETER | INCH | 
| MIN | MAX | MIN | MAX | 

| a__| 427 | 457 | 168 | 180 | 
| al_| 267 | ase | sos | us | 
|_pve_| 17.40 | 1765 | 685 | 695 | 
| | 650 | 656 | 

| 600 | 630 | 





NOTES: 


1, CONTROLLING DIMENSIONS : INCH 
2.LEADS ARE COPLANAR WITHIN .004 IN. 


3. DIMENSION : _MM_ 
INCH 








| pe | 1524 | 16.00_| 


44-Pin PLCC Package Diagram 
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A2 













Ae 









ree 

4 CUT Ht 
CT) Lt. 
or t— 
iT] 










1 aS 
— iT] 
aS Gt E HE TT] 
TGS | 8 a 

i 
mee | 








44 CT 





NOTES: 
1, CONTROLLING DIMENSIONS : MILLIMETER 
2. LEAD COPLANARITY + MAX JQmm ‘ 


al 


089 
00 


o 
J 
oe 


031 TYP 
047 













A 
A2 
Al > 
| Be | 0.50 ie 
— 
ie " a Le 
su a 


1. CONTROLLING DIMENSIONS + MM 
2. MAX COPLANARITY : AGram 


48-Pin VQFP Package Diagram 
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ORDERING INFORMATION 





Z86C93 

20 MHz 

44-pin PLCC 44-pin QFP 40-pin DIP 48-pin VQFP 
Z86C9320VSC Z86C9320FSC Z86C9320PSC Z86C9320ASC 
25 MHz | | 
44-pin PLCC 44-pin QFP 40-pin DIP 48-pin VQFP 
Z86C9325VSC Z86C9325FSC Z86C9325PSC Z86C9325ASC 
33 MHz : 

44-pin PLCC 44-pin QFP 40-pin DIP 48-pin VQFP 
Z86C9333VSC Z86C9333FSC Z86C9333PSC Z86C9333ASC 


For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 


Package 
V = Plastic Leaded Chip Carrier 
P = Plastic Dual In Line Package 


Longer Lead Time 
F = Plastic Quad Flat Pack 
A = Very Small Quad Flat Pack 


Temperature 
S= 0°C to +70°C 


Speed 

20 = 20 MHz 
25 = 25 MHz 
33 = 33 MHz 


Environmental 
C = Standard Flow 


Example: , 
Z 86093 33 VS C is a Z86C93, 33 MHz, PLCC, O0°C to +70°C, Plastic Standard Flow 


- 


Environmental Flow 
Temperature 
Package 

Speed | 
Product Number 
Zilog Prefix 
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Z86E21 CMOS Z8° 
8K OTP Microcontroller 


Z86C061/62/96 CMOS Z8° 
icrocontroller 


Z286C063/64 32K ROM Z8°® 
CMOS Microcontroller 


286691 CMOS Z8° 
ROMless Microcontroller 


Z86C693 CMOS Z8® Multiply/ 
Divide Microcontroller 


Support Products 


Superintegration™ 
Products Guide 


Zilog's Literature Guide 
Ordering Information 



































ASL Sion roe 
Z0860000ZC0 DEVELOPMENT KIT 
PRODUCT SPECIFICATION 
SUPPORTED DEVICES: 28600, 28601, 28611, 286021, 
286061, 286091, Z86C93 
DESCRIPTION KIT CONTENTS 


The Z8® Development Kit can be used for several pur- 
poses. As an evaluation tool, one can learn the Z8 instruc- 
tion set plus the manipulation of the Z8 MCU's interrupt 
vectors and register set. Secondly, the Z8 Development Kit 
is designed to aid the user in constructing specific appli- 
cations using the Z8 microcontroller. 


SPECIFICATIONS 


Power Requirements 
+5 Vdc @ 50 mA 


Dimensions 
Width: 4.0 in. (10.2 cm) 
Length: 8.0 in. (20.3 cm) 


Serial Interface 
RS-232C @ 9600 baud 


Z8 Development Board 
CMOS Z86C91 MPU 

12 MHz Crystal 

(32K)/8K x 8 EPROM 
(32K)/8K x 8 Static RAM 
RS-232C PC Interface 
Z86C91 Expansion Header 


Cables 
25-Pin RS-232 Cable 


Software (IBM® PC Platform) 
Z8/Super8™ Assembler and Utilities 
Host Communication Package 
Monitor Instructions 
Tutorial 
Sample Z86C91 Application Software 


Documentation 
Microcontrollers Data Book 
Z8 Development Kit User Guide 
Z8 Cross Assembler User Guide 
MOB Link/Loader User Guide 


ORDERING INFORMATION 
PartNo: Z0860000ZCO 
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. Z8°M 
A ZiLOS SUPPORT PRODUCTS 
—£86C0800ZCO APPLICATIONS BOARD 
PRODUCT SPECIFICATION 
SUPPORTED DEVICE: Z86C08 
DESCRIPTION KIT CONTENTS 
The kit contains an assembled circuit board, software and | Z86C08 Application Board 
documentation to help the user become familiar with the CMOS Z86C08 MPU 
features of the Z86CO8 microcontroller. 4 MHz Crystal 


The Z86CO800ZCO Applications Board is used to demon- 
strate the advantages and versatility of the 18-pin Z8 
device. Included is simple hardware and software that 
demonstrates the implementation of WDT, HALT, and 
STOP mode, low cost D to A, and A to D conversion 
techniques. 


SPECIFICATIONS 


Power Requirements 
+5 Vdc @ 50 mA 


Dimensions 


Width: 4.4 in. (11.2 cm) 
Length: 4.8 in. (12.2 cm) 
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Four 7-segment LED Displays 
17-Key Keypad 


Software (IBM® PC Platform) 
Application Source Code 
Z8°/Z80°/Z8000® Cross Assembler 
MOB Link/Loader 


Documentation 
Microcontrollers Data Book 
Z8 Cross Assembler User Guide 
MOB Link/Loader User Guide 
Z86C08 Application Kit User Guide 


ORDERING INFORMATION 
PartNo: Z86C0800ZCO 





A ZiLAB ‘SUPPORT PRODUCT 
Z86CO0800ZDP ADAPTOR BOARD 
PRODUCT SPECIFICATION 
SUPPORTED DEVICE: Z86C08 
DESCRIPTION KIT CONTENTS 


The Z86CO08 Adaptor Board converts the Z8® MCU froma 
40-pin pin out to an 18-pin pin out. This adaptor board 
allows a standard Z8 emulation device to emulate the 
Z86CO08. The Z86CO8 Adaptor Board Is placed between 
the Z8 emulator and the user’s target socket. The board 
does not emulate the watchdog timer function. 


SPECIFICATIONS 
Dimensions . 
Width: 2.5 in. (6.4 cm) 
Length: 2.9 in. (7.4 cm) 


Z86C08 Adaptor Board 
40-Pin Z8 MPU Socket 
18-Pin Z86C08 Socket 
12 MHz Crystal 


Cables 
18-Pin Z86CO8 Emulation Cable 


Documentation 
Z86C08 Adaptor Kit User Guide 


ORDERING INFORMATION 
PartNo: Z86CO800ZDP 
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: Z8® MCU DATABOOK 
2ildb | SUPPORT PRODUCTS 


Z286E2100ZDF ADAPTOR KIT 
PRODUCT SPECIFICATION 


SUPPORTED DEVICE: Z86E21 





DESCRIPTION KIT CONTENTS : 
The Z86E21 QFP OTP Program Adaptor Kit allows the | Z86E21 QFP OTP Program Adaptor Board 
_2764A standard EPROM programmer to program the 44-Pin QFP ZIF Socket 


Z86E21 OTP microcontroller. 28-Pin Connector 
SPECIFICATIONS ‘Documentation 
Power Requirements OTP Program Adaptor User Guide 
+12.5 Vdc @ 5A | 
ORDERING INFORMATION 
Dimensions PartNo: Z86E2100ZDF 


Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 


Z8® MCU DATABOOK 
SUPPORT PRODUCTS 





Z86E2100ZDP ADAPTOR KIT 
PRODUCT SPECIFICATION 


SUPPORTED DEVICE: Z86E21 


DESCRIPTION 

The Z86E21 DIP OTP Program Adaptor Kit allows the 
2764A standard EPROM programmer to program the 
Z86E21 OTP microcontroller. 


SPECIFICATIONS 


Power Requirements 
+125 Vdc @.5A 


Dimensions 
Width: 1.4 in. (3.6 cm) 
Length: 2.6 in. (6.6 cm) 


KIT CONTENTS 

Z86E21 OTP Program Adaptor Board 
40-Pin DIP ZIF Socket 
28-Pin Connector 


Documentation 
OTP Program Adaptor User Guide 


ORDERING INFORMATION 
PartNo: Z86E2100ZDP 
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A 2iLAs | SuPPORT PRODUCTS 
Z86E2100ZDV ADAPTOR KIT 
PRODUCT SPECIFICATION 
SUPPORTED DEVICE: Z86E21 
DESCRIPTION KIT CONTENTS 


The Z86E21 PLCC OTP Program Adaptor Kit allows the 
2764A standard EPROM programmer to program the 
Z86E21 OTP microcontroller. 


SPECIFICATIONS 


Power Requirements 
+12.5Vdce@.5A 


Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 
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Z86E21 PLCC OTP Program Adaptor Board 
44-Pin PLCC ZIF Socket 
28-Pin Connector | 


Documentation 
OTP Program Adaptor User Guide 


ORDERING INFORMATION 
PartNo: Z86E2100ZDV 


| 28° MCU DATABOOK 
A Silas SUPPORT PRODUCTS 


286E2101ZDF CONVERSION KIT 
PRODUCT SPECIFICATION 





SUPPORTED DEVICE: 2Z86E21 


DESCRIPTION KIT CONTENTS 

The Z86E21 OTP Program Conversion Kit converts a | Z86E21 OTP Program Conversion Board 
44-pin QFP package to a 40-pin DIP package, which 44-Pin QFP ZIF Socket 

allows the C12 ICEBOX™ to program the 44-pin QFP 40-Pin Connector 


Z86E21 OTP microcontroller. 
ORDERING INFORMATION 
SPECIFICATIONS PartNo: Z86E2101ZDF 
Dimensions 
Width: 2.0 in. (5.1 cm) 
Length: 2.1 in. (5.3 cm) 





ate 78° MCU DATABOOK 
YW Silas | | SUPPORT PRODUCTS 


286E2101ZDV CONVERSION KIT 
PRODUCT SPECIFICATION 





SUPPORTED DEVICE: Z86E21 


DESCRIPTION | KIT CONTENTS 

The Z86E21 OTP Program Conversion Kit converts a | Z86E21 OTP Program Conversion Board 
44-pin PLCC package to a 40-pin DIP package, which 44-Pin PLCC ZIF Socket 

allows the C12 ICEBOX™ to program the 44-pin PLCC 40-Pin Connector 


Z86E21 OTP microcontroller. 
| ORDERING INFORMATION 
SPECIFICATIONS PartNo: Z86E2101ZDV 
Dimensions 
Width: 1.8 in. (4.6 cm) 
Length: 2.1 in. (5.3 cm) 


A ZILA 


Z8® MCU DATABOOK 
SUPPORT PRODUCTS 





Z86C6100TSC Z86C61/63 MCU OTP EMULATION BOARD 
PRODUCT SPECIFICATION 


SUPPORTED DEVICES: Z86C61, Z86C63 


DESCRIPTION 
The Z86C6100TSC Emulation Board allows the user to 


plug a programmed EPROM into the board to verify opera- 
tion of code before submitting for mask ROM. 


The Z86C61 Emulation Board provides emulation for Zilog's 
40-pin Z86C61/63 16K/32K MCUs. 


SPECIFICATIONS 
Emulation Specification 
Maximum Emulation Soeed 16 MHz 


Power Requirements 
+5 Vdc @ 100 mA from Target Board 


Dimensions 
Width: 0.9 in. (2.28 cm) 
Length: 2.7 in. (6.86 cm) 


Operating Voltage Range 
45Vto5.5V 


Operating Temperature 
0 to 70°C 


Operating Humidity 
10-90% RH (non-condensing) 


KIT CONTENTS 

Z86C6100TSC Emulation Board 
CMOS Z86C12 ICE 
28-Pin 16K X 8 or 32K X 8 EPROM Socket 
40-Pin Z86C61/63 Socket Plug 


Software (IBM®-PC Platform) 
Z8/Z80/Z8000 Cross Assembler 
MOB4J Link/Loader 


Documentation 
Z86C6100TSC Emulation Board User Guide 


ORDERING INFORMATION 
PartNo: Z86C6100TSC 


12-9 





A 2iLGB 


Z8® MCU DATABOOK 
SUPPORT PRODUCTS 


Z86C6200ZEM IN-CIRCUIT EMULATOR 
PRODUCT SPECIFICATION 


SUPPORTED DEVICES: Z86C62, Z86C96 


DESCRIPTION 

The Z86C6200ZEM is a member of Zilog's ICEBOX™ 
product family of in-circuit emulators. The ICEBOX C62 
provides emulation for Zilog's Z86C62 (ROM device) and 
Z86C96 (ROMless device) micro-controllers. This includes 
all the essential MCU timing and |/O circuitry which simpli- 
fies user emulation of the prototype hardware/software 
product. The Emulator can be connected to a serial port 
COM 1 or COM 2 of the host computer (IBM® XT, AT, 386, 
486 compatible). 


SPECIFICATIONS 
Emulation Specification 
Maximum emulation soeed 16 MHz 


Power Requirements 
+5 Vdc @ 5A 


Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: 8.8 in. (22.4 cm) 


Serial Interface 
RS-232C @ 19200 baud 
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KIT CONTENTS 
286062 Emulator 
Z8® Emulation Base Board 
CMOS Z86C9120PSC 
8K x 8 EPROM (Programmed 
with Debug Monitor) 
32K x 8 Static RAM 
3 64K x 4 Static RAM 
RS-232C Interface 
Reset Switch 
Z86C62 Emulation Daughter Board 
20 MHz CMOS Z86C9620VSC ICE Chip 
5 HP-16500A Logic Analysis 
System Interface Connectors 
80/60 Pin Target Connector 


Cables 
12", Z86C96 68-Pin PLCC Emulation Pod 
12", Z86C62 64-Pin DIP Emulation Pod 
48" Power Cable 
15" Power Cable with Banana Plugs 
60" DB 25 RS-232C Cable 


Software (IBM PC Platform) 
Z8/Z80®/Z8000® Cross Assembler 
Windows Host Interface (GUI) 
MOB Link/Loader 
Host Package 


Documentation 
ICEBOX™ User Guide 
Z8 Cross Assembler User Guide 
MOBu Link/Loader User Guide 
Windows Host Interface User Guide (GUI) 
Registration Card 


ORDERING INFORMATION 
PartNo: Z86C6200ZEM 


A ZILA 


Z8® MCU DATABOOK 
SUPPORT PRODUCTS 





28661 200ZEM Z8® IN-CiRCUIT EMULATOR -C12 
PRODUCT SPECIFICATION 


SUPPORTED DEVICES Z86C08, Z86E08, Z86C00, 286010, 286011, 286020, 
286021, Z86E21"!, Z86E22", Z86E23"!, Z86091 


DESCRIPTION 


The Z86C1200ZEM is a member of Zilog's ICEBOX™ 
product family of in-circuit emulators. The ICEBOX 
-C12 provides emulation and OTP programming support 
for Zilog's Z8 microcontroller. The Emulator provides all the 
essential MCU timing and I/O circuitry which simplifies 
user emulation of the prototype hardware/software prod- 
uct. The data entering, program debugging, and OTP 
programming are performed by the monitor ROM and the 
Host Package which communicates through a RS-232C 
serial interface with a fixed 19200 baud rate. The user 
program can be downloaded directly from the host com- 
puter through the RS-232C connector. The user code may 
then be executed using various debugging commands in 
the monitor. The Emulator can be connected to a serial port 
COM 1 or COM 2 of the host computer (IBM® XT, AT 
Compatible). 


SPECIFICATIONS 
Emulation Specification 
Maximum Emulation Speed 16 MHz 


Power Requirements 
+5 Vdc @1.0A 


Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: 8.8 in. (22.4 cm) 


Serial Interface 
RS-232C @ 19200 baud 


Notes: 
[1] Does not support 4K/8K option bit. 
[2] With Z8B6E2300ZDP Programming Adaptor, Rev. 1.0 


KIT CONTENTS 
286012 Emulator 
Z8 Emulation Base Board (Revision B) 
CMOS Z86C9120PSC 
8K X 8 EPROM (Programmed with Debug Monitor) 
EPM5128 EPLD 
32K X 8 STATIC RAM 
3 64K X 4 STATIC RAM 
RS-232C Interface 
Reset Switch 
Z86C 12 Emulation Daughter Board 
EPM5032 EPLD 
16 MHz CMOS Z86C1216GSE ICE Chip 
40/18 Pin ZIF OTP Sockets 
80/60/40 Pin Target Connectors 


Cables 
12", 40-Pin DIP Emulation Cable 
12", 28-Pin DIP Emulation Cable 
12", 18-Pin DIP Emulation Cable 
15", Power Cable with Banana Plugs 
48", Power Cable 
60", DB 25 RS-232C Cable 


Software (IBM°®-PC Platform) 
Z8/Z80/Z8000 Cross Assembler 
MOB Link/Loader 
Host Package (Revision 1.5) 
Includes Windows and non-Windows 


Documentation 
Emulator User Guide 
Support Products Catalog 
Z8 Cross Assembler User Guide 
MOB Link/Loader User Guide 
Registration Card 


ORDERING INFORMATION 
PartNo: Z86C1200ZEM 
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Z78®MCU DATABOOK 
Support PRODUCTS 


Z8® S SERIES EMULATORS 
BASE UNITS AND PODS 


DESCRIPTION 


The system comprises three base unit options, (64K, 
128K, or 256K of emulation program ROM), and four pod 
options which allow the emulation of various Z8 
microcontrollers. Features include real-time transparent 
emulation up to 20 MHz, in-line symbolic assembler and 


SPECIFICATIONS 

Microcontrollers Emulated: 
Z86C1200ZPD Z86C00, Z86C10, Z86C20, Z86C11, 
Z86C21, Z86E21, Z86C91, Z86C61 
Z86C5000ZPD Z86C09, Z86C19, Z86C30, Z86C40, 
Z86C90 
Z86C9300ZPD Z86C93 
Z86C9500ZPD Z86C95 


Maximum Emulation Speed: 
Up to 30 MHz (microcontroller dependent) 


Size: 
260 mm wide, 260 mm deep, 64 mm high 


Operating Temperature: 
O°C to +40°C 


Storage Temperature: 
~10°C to +65°C 


Operating Humidity: 
0 to 90% 


Maximum Emulation Program Memory: 
64 Kbytes with Z86COO00ZUSP064 
128 Kbytes with Z86COO00ZUSSP 128 
256 Kbytes with Z86COOOOZUSP256 


Maximum Emulation Data Memory: 
64 Kbytes 


Program Memory Mapping: 
1K blocks 


Pass Counters: 
Two, 16-bit each 


Trace Buffer: 
32K - 80 bits 


12-12 


disassembler, real-time hardware breakpoints, eight chan- 
nel user logic analyzer, external trigger input and outputs, 
trace display and memory display/edit during execution, 
and window or command driven user interface. 


Sequencer: 
Hardware, 8 levels 


User Probe: 
Eight channel logic input 
One trigger input 
seven trigger outputs (Events, Pass Counters, 
sequencer) 


Host Interface: 
Asynchronous RS-232C 
9600/115 KBaud 
XON/XOFF support 


File Upward/Downward Format: 
Zilog MUFOM (EEE 695-1985) 
Intel® HEX 
Intel AOMF 
2500AD® Software 


MINIMUM HOST REQUIREMENTS 

m IBM® compatible PC/XT/AT/386 or PS-2 
640 Kbyte memory 
20 Mbyte hard disk | 
RS-232 serial port (COM 1 or COM 2) 
Mouse (serial or bus) 
MDA, CGA, EGA, or VGA video adaptor 


MINIMUM EMULATION SUPPORT 


m One base unit 
m One emulation pod 


ORDERING INFORMATION: 


Base Unit Emulation Pod 
Z86COOO00ZUSP064  Z86C9300ZPD 
Z86CO000ZUSP128  Z86C1200ZPD 
Z86COOO00ZUSP256 Z86C5000ZPD 
Z86C9500ZUSP064  Z86C9500ZPD 





Z86E21 CMOS Z8° 
8K OTP Microcontroller 





286661/62/96 CMOS Z8° 
Microcontroller 





Z286C63/64 32K ROM Z8°® 
CMOS Microcontroller 








Z86C91 CMOS Z8* 
ROMless Microcontroller 








Z86C693 CMOS Z8° Multiply/ 
Divide Microcontroller 








Support Products 


Superintegration™ 
Products Guide 





Zilog’s Literature Guide 
Ordering Information 
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512 RAM|4K ROM 
16-BIT MAG 


DATA | RAM 
1/0 /0 













24K =| 4K WORD 
ROM ROM 
256 BYTES}512 WORD 
RAM RAM 
8-Bit 10-Bit 
A/D D/A 
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Z80 CPU 


4K WORD 
ROM 
256 BYTES}512 WORD 
RAM RAM 
8-BIT 10-BIT 
A/D D/A 
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Controllers 


CPU 


EScC | 16550 
(2 CH) | MIMIC 



















ESCC 


Description 


Process/Speed 





Other 
Applications 






















16-Bit Digital Signal 


Processor 





CMOS 10, 15 MHz 


16-bit Mac 75 ns 
2 data RAMs 
(256 words each) 
4K word ROM 
64Kx16 Ext. ROM 
16-bit I/O Port 
74 instructions 
Most single cycle 


Two conditional branch 
inputs, two user outputs 


Library of software 
macros available 
zero overhead pointers 


68-pin PLCC 
60-pin VQFP 


16-bit 
General-Purpose DSP 
TMS 32010/20/25 

applications 





Zilog Modem/Fax IPC/EIPC Controller 


Zilog Modem/Fax 


Controller (ZMFC) Controller (ZMFC) 





CMOS 20 MHz CMOS 20 MHz CMOS 6, 10,16 MHz 


Z8® controller 

with 24 Kbyte ROM 
16-bit DSP with 

4K word ROM 
8-bit A/D 
10-bit D/A (PWM) 
Library of software 


78 w/64K external memory 
DSP w/4K word ROM 
8-bit A/D 

10-bit D/A 

Library of macros 

47 \/0 pins 

Two comparators 
Independent Z8® and 

DSP Operations 

Power-Down Mode 


780® CPU, SIO, CTC 
WDT, CGC 

The Z80 Family in 

one device 
Power-On Reset 
Two chip selects 
32-bit CRC 
WSG 

EV mode! 

3 and 5 Volt Version 



















macros available 
47 \/0 pins 
Two comparators 
Independent 28° and 
DSP Operations 
Power-Down Mode 





68-pin PLCC 68-pin PLCC 100-pin QFP 


100-pin VQFP 







Multimedia-Audio 

Voicemail 

Speech Storage and 
Transmission 

Modems 

FAXes, Sonabouys 


Multimedia-Audio 
Voicemail 
Speech Storage and 


Intelligent peripheral 
controllers 
Modems 







Transmission 
Modems 
FAXes, Sonabouys 











Zilog Intelligent 
Peripheral (ZIP™) 


High-performance 
Z80® CPU with 
peripherals 


CMOS 16, 20 MHz 6, 8, 10, 16%, 20* 


*Z8S180 only 


Enhanced Z80® CPU 
MMU 1 Mbyte 
2 DMAs 
2 UARTs 

| with BRGs 
C/Serial /O Port 
Oscillato 
288180 includes; 
Pwr dwn, Prgmble 
EMI, divide-by-one 
clock option 


Complete Static Version 
of Z180™ plus ESCC 

(2 channels of 285230) 
16550 MIMIC 

24 Parallel /0 
Emulation Modes’ 


100-pin QFP 
100-pin VQFP 


64-pin DIP 
68-pin PLCC 
80-pin QFP 


General-Purpose Embedded Control 
Embedded Control 
Modem, Fax, 


Data Communications 


Enhanced Serial 
Com. Controller 


CMOS 8, 10,16, 20 MHz 


Full dual-channel 
SCC plus deeper 
FIFOs: 

4 bytes on Tx 
8 bytes on Rx 

DPLL counter per 
channel 

Software compatible 
to SCC 


40-pin DIP 
44-pin PLCC 


General-Purpose 
datacom. 

High performance 
SCC software 

compatible upgrade 
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Z89C00 Z86C93 


Enhanced Z8® 
CMOS 16 MHz (C91) CMOS 12, 16 MHz CMOS 10, 15 MHz CMOS 20, 25 MHz CMOS 24 MHz 
NMOS 12 MHz (91) 


Description ROMless Z8® 78° 8K OTP : 
Process/Speed 


16-Bit Digital Signal Enhanced Z8® with DSP 


Processor 





8 channel 

8-bit ADC, 8-bit DAC 

16-bit Multiply/Divide 

Full duplex UART 

SPI (Serial Peripheral 
Interface) 

3 Standby Modes 
(STOP/HALT/PAUSE) 

Pulse Width Modulator 

3x16-bit timer 

16-bit DSP slave processor 

83 ns Mult./Accum. 


Full duplex UART 

2 Standby Modes 
(STOP and HALT) 

2x8 bit 

Counter/Timer 


8K OTP ROM 
256 Byte RAM 
Full-duplex UART 
2 Standby Modes 
(STOP and HALT) 
2 Counter/Timers 
ROM Protect option 
RAM Protect option 
Low EMI option 


16-bit Mac 75 ns 
| 2 data RAMs 

(256 words each) 

4K word ROM 

64Kx16 Ext. ROM 

16-bit 1/0 Port 

74 instructions 

Most single cycle 

Two conditional branch 
inputs, two user outputs 

Library of software 
macros available 

zero overhead pointers 


16x16 Multiply 1.7 us 

32x16 Divide 2.0 us 

Full duplex UART 

2 Standby Modes 
(STOP and HALT) 

3 16-bit Counter/Timers 

Pin compatible to 
Z86C91 (PDIP) 


68-pin PLCC 
60-pin VQFP 


40-pin DIP 
44-pin PLCC 
44-pin QFP 


40-pin DIP 
44-pin PLCC 
44-pin QFP 


40-pin DIP 
44-pin PLCC 
44-pin QFP 
48-pin VQFP 


80-pin QFP 
84-pin PLCC 
100-pin VOFP 


Application 


Disk Drives 
Tape Drives 
Servo Control 
Motor Control 


Disk Drives 
Tape Drives 
Servo Control 
Motor Control 


Software Debug 
Z8® prototyping 
Z8® production runs 
Card Reader 


Disk Drives 
Tape Drives 
Modems 


Disk Drives 
Modems 
Tape Drives 
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SRAM/ 
DRAM 
CTRL 


88-BIT 
R-S 














Z86C95 286018 


Zilog Datapath Controller (ZDPC) 


CMOS 40 MHz 


Full track read 
Automatic data transfer (Point & Go®) 
88-bit Reed Solomon ECC “on the fli" 
Full AT/IDE bus interface 
64 KB SRAM buffer 
1 MB DRAM buffer 
Split data field support 
100-pin VQFP package 
JTAG boundary scan option 
Up to 8 KB buffer RAM 
reserved for MCU 


100-pin VOFP 
100-pin QFP 


Hard Disk Drives 








™® SJLMIS telephone Answering Devices 





Block 
















Diagram UART ; 4K DSP ROM 
Shit Pre 

TIMERS 31 DIGITAL] EXT. 
reo Pt [p2] P3. v0 





superintegration™ Products Guide 






















6K DSP ROM 


CODEC INTF. 
RAM RAM 
REFRESH | PORT 


27 DIGITAL 1/0 





Z08600/208611 Z86C30/E30 Z89C65 Z89C66 Z89C67 Z89C68 
Z86C40/E40 


Z8® NMOS 









Description 





Z8® Consumer Controller } Telephone Answering Telephone Answering Telephone Answering 










(CCP”) Processor (CCP”) Controller with DSP Controller with DSP LPC § Controller with digital 

8600 = 2K ROM with 4K ROM LPC voice synthesis voice synthesis and DTMF § voice encode and decode 

8611 = 4K ROM C30 = 28-pin and DTMF detection detection and external DTMF detection and full 
C40 = 40-pin ROM/RAM interface memory control interface 





E30/E40 = OTP version 


Process/Speed | Nos 38,12 MHz CMOS 12 MHz CMOS 20 MHz CMOS 20 MHz CMOS 20 MHz 


2K/4K ROM 4K ROM, 236 RAM 2Z8® Controller 28® Controller 

128 Bytes RAM 2 Standby Modes 16-bit DSP 24K ROM 

22/32 I/O lines 2 Counter/Timers 4K Word ROM 16-bit DSP 

On-chip oscillator ROM Protect 8-bit A/D with AGC 6K Word ROM 

2 Counter/Timers RAM Protect DTMF macro available DTMF macro available 

6 vectored, priority 4 Ports (86C40/E40) LPC macro available LPC macro available 

interrupts 3 Ports (86C30/E30) 10-bit PWM D/A 10-bit PWM D/A 

UART (28611) Brown-QOut Protection Other DSP software Other DSP software 
2 Analog Comparators options available options available 
Low EMI External ROM/RAM ARAM/DRAM/ROM 
Watch-Dog Timer capability Controller & Interface 
Auto Power-On Reset 31 1/0 Pins Dual Codec Interface 
Low Power option 43 1/0 





28® Controller 

24K ROM 

16-bit DSP 

4K Word ROM 

8-bit A/D with AGC 
DTMF macro available 
LPC macro available 


10-bit PWM D/A 
Other DSP software 

options available 
47 1/0 Pins 





Package 28-pin DIP 
40-pin DIP 


44-pin PLCC 


y 28-pin DIP 
40-pin DIP 
44-pin PLCC, QFP 


68-pin PLCC 68-pin PLCC 84-pin PLCC 


Application Voice Processing, 
DSP applications in 
tapeless TAD and other 
high-performance 


1-tape voice processors 


General-Purpose DSP 
applications in TAD and 


Window Control 
Wiper Control 
Sunroof Control 
Security Systems 
TAD 


Low cost tape board 
TAD 


Fully featured cassette 
answering machines 
with voice prompts 


other high-performance 


and DTMF signaling |-tape voice processors 
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Telephone Answering 
Controller with digital 
voice encode and decode 
DTMF detection and 
external ROM/RAM 
interface 


CMOS 20 MHz 


28® Controller 
64K ROM (external) 
16-bit DSP, 6K word ROM 
DTMF macro available 
LPC macro available 
10-bit PWM D/A 
Other DSP software 
options available 
ARAM/DRAM control/ 
interface 
External ROM/RAM 
Dual Codec Interface 
27 W/O 


84-pin PLCC 


Voice Processing, 
DSP applications in 
tapeless TAD and other 
high-performance 1-tape 
voice processors 
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: 6K ROM 
3K CHAR ROM 







Diagram 


Description 


Process/Speed 


Package 


Application 









8K ROM 
4K CHAR ROM 


| zecru | RAM_| RAM 






OSD | OSD 
13 |TIMER| 9 7 |TIMER] 3 
PWM | WDT |PORTS PWM] WDT jPORTS 





286027/127/97 


Standard DTC features 
with reduced ROM, 
RAM, PWM outputs 
for greater economy 


Z8® Digital Television 
Controller MCU with 
logic functions needed 


for Television Controller, 
VCRs and Cable 


Z8/DTC Architecture 

6K ROM, 256-byte RAM 

120x7-bit video RAM 

OSD on board 

Programmable color, 
size, position attributes 

7 PWMs 

96-character set 
conversion 3Kx6-bit character 

128-character set generator ROM 

4Kx6-bit char. Gen. ROM § Watch-Dog Timer (WDT) 

Watch-Dog Timer (WDT) § Brown-Out Protection 

Brown-QOut Protection 3 Ports/20 pins 

5 Ports/36 pins 2 Standby Modes 

2 Standby Modes 

Low EMI Mode 


64-pin DIP 
52-pin active (127) 


Z8/DTC Architecture 

8K ROM, 256-byte RAM 
160x7-bit video RAM 
On-Screen Display 

(OSD) video controller 
Programmable color, size, 
position attributes 

13 PWMs for D/A 


Low EMI Mode 


40-pin DIP 


Low-end Television 
Cable/Satellite Receiver 


Low-end Television 
Cable/Satellite Receiver 






















1K/6K ROM 
Z8 CPU 


CHAR ROM 

COMMAND 

INTERPRETER 
ANALOG 
SYNC/DATA| OSD 
SLICER | CTRL 





286227 286128 Z86L06/L29 18g) 1/72 286C040/E40 Z86C61/62 
Z 


Line 21 Controller 
(L21C™) for 
Closed Caption 
Television 


18-pin Z8® Consumer 
Controller Processor 
(CCP) low-voltage and 
low-current battery 
Operation 

1K-6K ROM 





CMOS 4 MHz CMOS 4 MHz CMOS 12 MHz ow Voltage CMOS 8 MHz 


L 

Z8® Architecture 

1K ROM & 6K ROM 

Watch-Dog Timer 

2 Analog Comparators 
with output option 

2 Standby Modes 

2 Counter/Timers 

Auto Power-On Reset 

2 volt operation 

RC OSC option - 

Low Noise option 

Brown-Out Protection 

High current drivers (2, 4) 


Conforms to FCC 
Line 21 format 

Parallel or serial modes 

Stand-alone operation 

On-board data sync 
and slicer 

On-board character 
generator 

- Color 

- Blinking 

- Italic 

- Underline 





18-pin DIP 
18-pin SOIC 


18-pin DIP 


1.R. Controller 
Portable battery 
operations 


TVs, VCRs, Decoders 


superintegration 













| 2 Enhanced Counter/ 


TM 






Products Guide 
















2K/8K/16K ROM 
Z8 CPU 


128,256, 
WDT | 768 RAM 


Texnow] WAT | 
Po | Pt | Pa | 






8® MCU with 
Expanded 1/0's 
and 16K ROM 


Z8® Consumer Controller 
Processor (CCP™) 
with 4K ROM (C40) 


Z8® (CCP™) low-voltage 
parts that have more 
ROM, RAM and special 
Counter/Timers for 
automated output 

drive capabilities 


Low Voltage CMOS 8 MHz] CMOS 12 MHz CMOS 16, 20 MHz 
; | 


8® Architecture 4K ROM, 236 RAM 16K ROM 
2K/8K/16K ROM 2 Standby Modes Full duplex UART 
Watch-Dog Timer 2 Counter/Timers 2 Standby Modes 
2 Analog Comparators ROM Protect (STOP and HALT) 

with output option RAM Protect 2 Counter/Timers 

2 Standby Modes 4 Ports ROM Protect option 
Brown-Out Protection RAM Protect option 
2 Analog Comparators Pin compatible to 
Low EMI 286021 
Watch-Dog Timer C61 = 4 Ports 
Auto Power-On Reset C62 = 7 Ports 
Low Power option 






E40 = OTP version 





Timers, Auto Pulse 
Reception/Generation 
Auto Power-On Reset 
2 volt operation 
RC OSC option 
Brown-Out Protection 
High current drivers (4) 





40-pin DIP (C61) 
44-pin PLCC,QFP (C61) 
68-pin PLCC (C62) 


20-pin DIP (L71), 
18-pin DIP, SOIC (L70) 
40,44-pin DIP, PLCC, QFP 
(L72) 


40-pin DIP 


Cable Television 
Remote Control 
Security 


Window Control 
Wiper Control 


|.R. Controller 
Portable battery 
operations 


Sunroof Control 
Security Systems — 
TAD 
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Block 
Diagram USC/2 
SCC ESCC 










DMA ; DMA 
Z8030/Z80C30 | Z85230/Z80230 Z80181 280182 
28530/Z85C€30 | 285233* 


Description | Serial Com. Enhanced Serial Integrated Serial Intelligent Peripheral | Smart Access Zilog Intelligent | Universal Serial Mono-channel Integrated Universal 
Controller Com. Controller Com. Controller Controller Controller Peripheral Controller Universal Serial Serial Controller 
Controller 





















































































Process/ NMOS: 4, 6, 8 MHZ | CMOS: 10, 16 CMOS: 10, 16 MHz |CMOS 6, 10,16 MHz | 10, 12.5 CMOS CMOS: 20MHz | CMOS:10MHz =| CMOS:20 MHz 
Speed/ CMOS: 8,10 20 MHz 2.5, 4.0 Mb/s 16, 20 MHz CPU Bus CPU Bus CPU Bus 
Clock 16 MHz 2.5, 4.0, 5.0 Mb/s 10 Mb/s 10 Mb/s 16 Mb/s 

2, 2.5, 4 Mb/s 20 Mb/s 20 Mb/s 









Data Rate 


Two independent — | Full dual-channel Full dual-channel Z80® CPU, SIO, CTC | Complete Z180™ Complete Static Two dual-channel Single-channel Single-channel 
full-duplex SCC plus deeper SCC plus 4 DMA WDT, CGC plus SCC/2 version of 2180 32-byte receive & | (halfof USC™) plus | (half of USC) 
channels FIFOs: controllers and ‘| The Z80 Family in re plus ESCC transmit FIFOs Time Slot plus two DMA 

Enhanced DMA 4 bytes on Tx a bus interface one device 16 1/0 lines (2 channels of 16-bit bus B/W: Assigner functions | controllers 

support: 8 bytes on Rx unit Power-On Reset | Emulation Mode’ —‘} 85230) 18.2 Mb/s for ISDN Array chained and 

10x19 status FIFO | DPLL counter per Two chip selects 16550 MIMIC 2 BRGs per channel linked-list modes 
| 14-bit byte counter channel 32-bit CRC 24 Parallel |/0 Flexible 8/16-bit with ring buffer 
| NRZ/NRZI/FM Software compatible WSG Emulation Mode! bus interface support 
| to SCC EV mode’ 
: *One channel of 3 and 5 Volt Version 
| 285230 































































































































68-pin PLCC 68-pin PLCC 68-pin PLCC 








Package 40-pin DIP 40-pin DIP 68-pin PLCC 100-pin QFP 100-pin QFP 100-pin QFP 
44-pin CERDIP 44-pin PLCC 100-pin VQFP 100-pin VQFP 
44-pin PLCC *44-pin QFP (85233) 


Application | General-Purpose —_| General-Purpose High performance intelligent peripheral | Intelligent peripheral | General-Purpose | General-Purpose General-Purpose 
datacom. datacom. datacom. controllers controllers Embedded Control | high-end datacom. high-end datacom. 
High performance SCC upgrades Modems Printers, Faxes, Modem, Fax, Ethernet Ethernet 
SCC software Modems, Terminals | Data Communica- | HDLC HDLC 
tions X.25 X.25 
Frame Relay Frame Relay 

a 

on | 


AppleTalk® A Registered Trademark of Apple Computer, Inc. 
















General-Purpose 
high-end datacom. 
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Block 




















2 DMA ab 


















Diagram fy co | a 
| 280 Z80/Z-BUS 
[nse 
Z80 CPU 






2K SRAM (3 Z80 peripherals) Controller Z80® CPU with compatible CPU Controller patted 
peripherals with peripherals 


Speed MHz | 10 8, 10, 12.5 6, 10 6, 10, 16 6, 10 6,8, 10, 16", 20* | 10, 12 10, 12.5 16, 20 
| . *785180 only ee: 


Features 780° CPU S10, PIO, CTC Z80® CPU, SIO, CTC | 280° CPU, SIO, CTC | 280° CPU, CTC, Enhanced Z80 CPU | 16-bit code com- Complete 2180 








































Complete Static 

















































2 Kbytes SRAM plus 8 1/0 lines WDT, CGC, WSG, WDT, CGC WDT MMU 1 Mbyte patible Z80® CPU plus SCC/2 Version 
WSG Power-On Reset |The Z80 Family in | 40 1/0 lines bit 2 DMAs Three stage pipeline | CTC of Z180™ plus ESCC 
Oscillator 2 chip selects one device programmable 2 UARTs MMU 16 Mbyte 16 1/0 lines (2 channels of 
Pin eae EV mode’ Power-On Reset | Power-On Reset with BRGs CACHE 256 byte —_| Emutation Mode’ 

wit Two chip selects | EV mode’ C/Serial YO Port | _ Inst. & Data 

DIP & PLCC Peripherals 

1 32-bit CRC Oscillator 24 Parallel 1/0 

EV mode 786180 includes: 4 DMAs, UART, i, , 
*84C01 is available WSG 85180 includes; 3 16-bit C/T, Emulation Modes 
asa separate part EV mode! Pwr dwn, Prgmble WSG 


EMI, divide-by-one | 780/Z-BUS® interface 
clock option 



















100-pin QFP 






| Package 









































40-pin DIP 100-pin QFP 100-pin QFP 64-pin DIP 68-pin PLCC 100-pin QFP 
44-pin PLCC 100-pin VQFP 68-pin PLCC 100-pin VOFP 
44-pin QFP 80-pin QFP 
Application | Embedded General-purpose —_| Intelligent datacom | Intelligent peripheral | Intelligent parallel- | Embedded Control | Embedded Control | Intelligent peripheral | General-Purpose 
Controllers peripheral that controllers controllers /0 controllers Terminals controllers Embedded Control 
can be used with Modems Industrial display Printers Printers, Faxes, Modem, Fax, 


780 and other 
CPU's 


terminals Modems, Terminals | Data Communications 





e - SS ; Cs > aaa a SM, eft fat aos __ | Allows use of existing development systems. — 





O P| Peripherals 


Description 


Process/ 
Speed 


Package 


Application 


L$ 


Counter/Timer & parallel 1/0 Unit 
(CIO) 


NMOS 4,6 MHz 


Three 16-bit 
Counter/Timers, 

Three 1/0 ports 
with bit catching, 
pattern matching 
interrupts and 
handshake 1/0 


40-pin PDIP 
44-pin PLCC 


General-Purpose 
Counter/Timers 
and 1/0 system 
designs 





Z32H00 


Hyperstone 

Enhanced Fast Instruction 
Set Computer (EFISC) 
Embedded (RISC) Processor 


CMOS 25 MHz 


32-bit MPU 

4 Gbytes address space 

19 global and 64 local 
registers of 32 bits each 

128 bytes instruction cache 

1.20, CMOS 

42 mm die 


144-pin PGA 
132-pin QFP 


Embedded 
high-performance 
industrial controller 

Workstations 


25380 
253080 


Small Computer System Interface 
(SCSI) 


CMOS 
25380: 1.5 MB/s 
253080: 3.0 MB/s 


ANSI X3.131-1986 

Direct SCSI bus interface 

On-board 48 mA drivers 

Normal or Block mode DMA transfers 
Bus interface, target and initiator 


25380: 40-pin DIP 
44-pin PLCC 

253C80: 48-pin DIP 
44-nin PLCC 


Bus host adapters, 
formatters, host ports 
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Z85C80 





Serial Communication Controller 
and Small Computer System 
Interface 


CMOS 
SoC - 10, 16 MHz 
SCSI - 3.0 MB/s 


Full dual-channel SCC plus 
SCSI sharing databus and 
read/write functions 


| @8-pin PLCC 


AppleTalk® 
networking 
SCSI disk drives 


2 Software and hardware compatible with discrete devices. 























CILMs 





Z86E21 CMOS Z8° 
8K OTP Microcontroller 


286C61/62/96 CMOS Z8° 
Microcontroller 


Z286C063/64 32K ROM Z8 
CMOS Microcontroller 


286691 CMOS Z8 
ROMiess Microcontrolle 


Z86C693 CMOS Z8®° Multiply/ 
Divide Microcontrolle 


Support Product 


T™ 


Superintegration 
Products Guide 


Zilog's Literature Guide 
Ordering Information 









































AW 2iLas LITERATURE GUIDE 


Z8°/SUPER8™ MICROCONTROLLER FAMILY 





Databooks Part No Unit Cost 
Z8 Microcontrollers Databook (includes the following documents) DC-8275-04 5.00 
Z8 CMOS Microcontrollers Peripheral Products 
Z86C00/C10/C20 MCU OTP Product Specification 286128 Closed-Captioned Controller Adv. Info. Specification 
286C06 Z8 CCP™ Preliminary Product Specification Z765A Floppy Disk Controller Product Specification 
Z86C08 8-Bit MCU Product Specification 25380 SCSI Product Specification 
Z86E08 Z8 OTP MCU Product Specification 253C80 SCSI Advance Information Specification 
286009/19 Z8 CCP Product Specification 
Z86E19 Z8 OTP MCU Advance Information Specification 28 Application Notes and Technical Articles 
286C11 Z8 MCU Product Specification Zilog Family On-Chip Oscillator Design 
286012 Z8 ICE Product Specification Z86E21 Z8 Low Cost Thermal Printer 
286021 Z8 MCU Product Specification Z8 Applications for I/O Port Expansions 
Z86E21/Z86E22 OTP Product Specification Z86C09/19 Low Cost Z8 MCU Emulator 
286C30 Z8 CCP Product Specification 28602 Controls A 101/102 PC/Keyboard 
Z86E30 Z8 OTP CCP Product Specification The Z8 MCU Dual Analog Comparator 
286C40 Z8 CCP Product Specification The Z8 MCU In Telephone Answering Systems 
Z86E40 Z8 OTP CCP Product Specification Z8 Subroutine Library 
286C27/97 Z8 DIC™ Product Specification A Comparison of MCU Units 
286127 Low-Cost Digital Television Controller Adv. Info. Spec. Z86xx Interrupt Request Registers 
Z86C50 Z8 CCP ICE Advance Information Specification Z8 Family Framing 
286061 Z8 MCU Advance Information Specification A Programmer’s Guide to the Z8 MCU 
Z86C62 Z8 MCU Advance Information Specification Memory Space and Register Organization 
286C89/C90 CMOS Z8 CCP Product Specification 
Z86C91 Z8 ROMless MCU Product Specification Super8 Application Notes and Technical Articles 
286093 Z8 ROMless MCU Preliminary Product Specification Getting Started with the Zilog Super8 
286094 Z8 ROMless MCU Product Specification Polled Async Serial Operations with the Super8 
286096 Z8 ROMless MCU Advance Information Specification Using the Super8 Interrupt Driven Communications 
Z88C00 CMOS Super8 MCU Advance Information Specification Using the Super8 Serial Port with DMA 
Generating Sine Waves with Super8 
Z8 NMOS Microcontrollers Generating DIMF Tones with Super8 
28600 Z8 MCU Product Specification A Simple Serial Parallel Converter Using the Super8 
28601/03/11/13 Z8 MCU Product Specification 
28602 8-Bit Keyboard Controller Preliminary Product Spec. Additional Information 
28604 8-Bit MCU Product Specification 28 Support Products 
28612 Z8 ICE Product Specification Zilog Quality and Reliability Report 
28671 Z8 MCU With BASIC/Debug Interpreter Product Spec. Literature List 
28681/82 Z8 MCU ROMless Product Specification Package Information 
28691 Z8 MCU ROMless Product Specification Ordering Information 


28800/01/20/22 Super8 ROMless/ROM Product Specification 








Z8*/SUPER8™ MICROCONTROLLER FAMILY (Continued) 





Databooks Part No 


Digital Signal Processor Databook (includes the following documents) DC-8299-02 
Z86C95 Z8® Digital Signal Processor Preliminary Product Specification 
Z89C00 16-Bit Digital Signal Processor Preliminary Product Specification 
Z89C00 DSP Application Note "Understanding Q15 Two's Complement Fractional Multiplication" 
289120, 289920 (ROMless) 16-Bit Mixed Signal Processor Preliminary Product Specification 
289121, 289921 (ROMless) 16-Bit Mixed Signal Processor Preliminary Product Specification 
289320 16-Bit Digital Signal Processor Preliminary Product Specification | 
289321 16-Bit Digital Signal Processor Advance Information Specification 


Telephone Answering Device Databook (includes the following documents) | DC-8300-01 
289065, Z89C66 (ROMless) Dual Processor T.A.M. Controller Preliminary Product Specification 
289C67, Z289C68 (ROMless) Dual Processor Tapeless T.A.M. Controller Preliminary Product Specification 


Infrared Remote (IR) Control Databook (includes the following documents) DC-8301-01 
Z86L06 Low Voltage CMOS Consumer Controller Processor Preliminary Product Specification 
Z86L29 6K Infrared (IR) Remote (ZIRC™) Controller Advance Information Specification 
Z86L70/L71/L72, Z86E72 Zilog IR (ZIRC™) CCP™ Controller Family Preliminary Product Specification 


Z8 Microcontrollers (includes the following documents) DC-8305-01 
Z86C07 CMOS Z8 8-Bit Microcontroller Product Specification 
Z286C08 CMOS Z8 8-Bit Microcontroller Product Specification 
Z86E08 CMOS Z8 8-Bit OTP Microcontroller Product Specification 
Z86C11 CMOS Z8 Microcontroller Product Specification 
Z86C12 CMOS Z8 In-Circuit Microcontroller Emulator Product Specification 
Z86C21 8K ROM Z8 CMOS Microcontroller Product Specification 
Z86E21 CMOS Z8 8K OTP Microcontroller Product Specification 
286C61/62/96 CMOS Z8 Microcontroller Product Specification 
286C63/64 32K ROM Z8 CMOS Microcontroller Product Specification 
Z86C91 CMOS Z8 ROMless Microcontroller Product Specification 
286093 CMOS Z8 Multiply/Divide Microcontroller Product Specification 


Mass Storage (includes the following documents) DC-8303-00 

Z86C21 8K ROM Z8 CMOS Microcontroller Product Specification 
~ Z86E21 CMOS Z8 8K OTP Microcontroller Product Specification 

Z86C91 CMOS Z8 ROMless Microcontroller Product Specification 
Z86C93 CMOS Z8 Multiply/Divide Microcontroller Product Specification 
286095 28 Digital Signal Processor Product Specification 
Z89C00 16-Bit Digital Signal Processor Product Specification 
Z89C00 DSP Application Note - "Understanding Q15 Two's Complement Fractional Multiplication” 


Unit Cost 
3.00 


3.00 


3.00 


3.00 


3.00 
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Z8 Product Specifications, Technical Manuals and Users Guides Part No Unit Cost 
Z86E23 CMOS Z8 OTP Microcontroller Preliminary Product Specification DC-2598-00 N/C 
286C27/97 Z8 DTC™ Product Specification and Addendum DC-2561-01 N/C 
286127 Low-Cost Digital Television Controller Preliminary Product Specification DC-2574-00 N/C 
286227 40-Pin Low-Cost Digital Television Controller Preliminary Product Specification and Addendum DC-3002-00 N/C 
Z86C61/62/96 CMOS Z8 Microcontroller Preliminary Product Specification DC-2587-00 N/C 
286093 CMOS Z8 ROMless Microcontroller Product Specification DC-2508-03 N/C 
Z88C00 CMOS Super8 ROMless Microcontroller Preliminary Product Specification DC-2551-00 N/C 
28614 NMOS Z8 8-Bit MCU Keyboard Controller Preliminary Product Specification DC-2576-00 N/C 
286128 Closed-Captioned Controller Preliminary Product Specification and Addendum DC-2570-01 N/C 
Z8 OTP CMOS One-Time-Programmable Microcontrollers Addendum DC-2614-AA N/C 
asm S8 Super8/Z8 Cross Assembler User's Guide DC-8267-05 3.00 
28 Microcontrollers Technical Manual DC-8291-02 5.00 
286018 Preliminary User's Manual DC-8296-00 N/C 
Digital TV Controller User's Manual DC-8284-01 3.00 
289C00 16-Bit Digital Signal Processor User's Manual DC-8294-01 3.00 
PLC Z89C00 Cross Development Tools Brochure DC-5538-01 N/C 
286095 16-Bit Digital Signal Processor User Manual DC-8595-00 3.00 
Z8 Application Notes Part No Unit Cost 
28602 Controls A 101/102 PC/Keyboard DC-2601-01 N/C 
The Z8 MCU Dual Analog Comparator DC-2516-01 N/C 
Z8 Applications for I/O Port Expansions DC-2539-01 N/C 
Z86E21 28 Low Cost Thermal Printer DC-2541-01 N/C 
Zilog Family On-Chip Oscillator Design DC-2496-01 N/C 
Using the Zilog Z86C06 SPI Bus DC-2584-01 N/C 
Interfacing LCDs to the 28 DC-2592-01 N/C 
X-10 Compatible Infrared (IR) Remote Control DC-2591-01 N/C 
286017 In-Mouse Applications DC-3001-01 N/C 
Z86C40/E40 MCU Applications Evaluation Board DC-2604-01 N/C 
286C08/C17 Controls A Scrolling LED Message Display DC-2605-01 N/C 
786095 Hard Disk Controller Flash EPROM Interface DC-2639-01 N/C 
Timekeeping with Z8; DTMF Tone Generation; Serial Communication Using the CCP Software UART DC-2645-01 N/C 
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Z80°/Z8000® CLASSIC FAMILY OF PRODUCTS 


Z80°/Z180"/Z280°/Z8000° and Datacom Family 


Volume | Databook 
Microprocessors and Peripherals 
Discrete Z80° Family 


28400/C00 NMOS/CMOS Z80® CPU Product Specification 
28410/C10 NMOS/CMOS Z80 DMA Product Specification 
Z8420/C20 NMOS/CMOS Z80 PIO Product Specification 
28430/C30 NMOS/CMOS Z80 CTC Product Specification 
28440/Z84C40 NMOS/CMOS Z80 SIO Product Specification 


Embedded Controllers 
284C01 Z80 CPU with CGC Product Specification 
284050 RAM80™ Preliminary Product Specification 
28470 Z80 DART Product Specification 
284C90 CMOS Z80 KIO™ Product Specification 
284011/C11 PIO Parallel 1/0 Product Specification 
284013/015 Z84C013/C15 IPC/EIPC™ Product Specification 
280180/28S180 2180 MPU Product Specification 
280181 ZIO™ Controller Product Specification 
2280™ MPU Preliminary Product Specification 


Serial Communications Controllers 
28030/28530 Z-BUS® SCC Product Specification 
280030/Z85C30 SCC Product Specification 
285230 ESCC™ Product Specification 
280230 Z-BUS ESCC Product Specification 
216C35 ISCC™ Product Specification 
25380 SCSI Product Specification 
253C80 SCSI Product Specification 
285C80 SCSI/SCC Product Specification 
216C30 USC™ Product Specification 
216032 IUSC™ Product Specification 
216033 MUSC™ Product Specification 
Z16C50 DDPLL™ Product Specification 


Part No Unit Cost 
DC-2610-01 5.00 


Technical Articles 


280 Questions and Answers 
Z180 Questions and Answers 
SCC Questions and Answers 
ESCC Questions and Answers 
ISCC Questions and Answers 


Additional Information 


Superintegration Products Guide 
Support Product Summary 
Product Support 

Military Qualified Products 
Quality and Reliability 

Literature Guide 

Package Information 

Ordering Information 
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280°/Z180"/Z280°/Z8000° and Datacom Family Part No Unit Cost 
Volume Il Databook DC-2622-01 5.00 
Microprocessors and Peripherals 
Application Notes 

Z80® Family Interrupt Structure Boost Your System Performance Using The Zilog ESCC™ 

Using the Z80® SIO with SDLC Design a Serial Board to Handle Multiple Protocols 

Using the Z80® SIO In Asynchronous Communications Using the Z16C30 USC Universal Serial Controller 

Binary Synchronous Communication Using the Z80® SIO Datacommunications IUSC/MUSC Time Slot Assigner 

Serial Communication with the Z80A DART Integrating Serial Data and SCSI Peripheral Control on One Chip 

Interfacing 8500 Peripherals to the Z80® A Fast Z80® Embedded Controller 

Serial Clock Generation Using the 28536 ClO Using the Zilog Datacom Family with the 80186 CPU 

Timing in an Interrupt-Based System with the Z80® CTC 

A Z80-Based System Using the DMA with the SIO Questions and Answers 

Interfacing the 28500 Peripherals to the 68000 Z80® Questions and Answers 

Z180™ Break Detection Z180™ Questions and Answers 

The Z180™ Interfaced with the SCC at 10 MHz SCC Questions and Answers 

Technical Considerations When Implementing ESCC Questions and Answers 

LocalTalk Link Access Protocol ISCC Questions and Answers 

Using the Z84C11/C13/C15 in Place of the 284011/013/015 

Using SCC with Z8000 in SDLC Protocol Additional Information 

SCC in Binary Synchronous Communications Classic Family 

On-Chip Oscillator Design Datacom Products 

Interfacing Z80® CPUs to the Z8500 Peripheral Family Literature Guide 
280/Z180/Z280 Product Specifications, Technical Manuals and Users Guides Part No Unit Cost 
280 Family Technical Manual DC-8306-00 3.00 
280180 Z180 MPU Microprocessor Unit Technical Manual DC-8276-04 3.00 
2280 MPU Microprocessor Unit Technical Manual DC-8224-03 3.00 
Z80180/Z8S180 2180 Microprocessor Product Specification DC-2609-03 N/C 
280182 Zilog Intelligent Peripheral (ZIP"4 DC-2616-03 N/C 
7380™ Preliminary Product Specification DC-6003-03 N/C 
2380™ User's Manual DC-8297-00 3.00 
280/Z180/Z280 Application Notes Part No Unit Cost 
Z180/SCC™ Serial Communications Controller Interface at 10 MHz DC-2521-02 N/C 
280 Using the 84C11/C13/C15 in place of the 84011/013/015 DC-2499-02 N/C 
A Fast Z80 Embedded Controller DC-2578-01 N/C 

\ 
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Z8000 Product Specifications, Technical Manuals and Users Guides Part No Unit Cost 
28000 CPU Central Processing Unit Technical Manual DC-2010-06 3.00 
SCC Serial Communication Controller User's Manual DC-8293-02 3.00 
28036 Z-Cl0/Z8536 ClO Counter/Timer and Parallel Input/Output Technical Manual DC-2091-02 3.00 
28038 28000 Z-FIO FIFO Input/Output Interface Technical Manual DC-2051-01 3.00 
28000 CPU Central Processing Unit Programmer’s Pocket Guide DC-0122-03 3.00 
285233 EMSCC Enhanced Mono Serial Communication Controller Preliminary Product Specification DC-2590-00 N/C 
Z85C80 SCSCI™ Serial Communication and Small Computer Interface Preliminary Product Specification DC-2534-02 N/C 
Z16C30 USC Universal Serial Controller Preliminary Technical Manual DC-8280-02 3.00 
216033 CMOS USC/MUSC™ Universal Serial Controller Technical Manual DC-8285-02 3.00 
216032 |USC™ Integrated Universal Serial Controller Product Specification DC-2600-00 N/C 
216032 |USC Integrated Universal Serial Controller Product Specification Addendum DC-2600-00A N/C 
216032 IUSC Integrated Universal Serial Controller Technical Manual DC-8292-03 3.00 
216035 ISCC Integrated Serial Communication Controller Technical Manual DC-8286-01 3.00 
216035 ISCC Integrated Serial Communication Controller Addendum DC-8286-01A N/C 
253C80 Small Computer System Interface (SCSI) Product Specification DC-2575-01 N/C 
280230 Z-BUS® ESCC Enhanced Serial Communication Controller Preliminary Product Specification DC-2603-01 N/C 
Z8000 Application Notes Part No Unit Cost 
Z16C30 Using the USC in Military Applications DC-2536-01 N/C 
Datacom |USC/MUSC Time Slot Assigner DC-2497-02 N/C 
Datacom Evaluation Board Using.The Zilog Family With The 80186 CPU DC-2560-03 N/C 
Boost Your System Performance Using the Zilog ESCC Controller DC-2555-02 N/C 
216030 USC - Design a Serial Board for Multiple Protocols DC-2554-01 N/C 
Using a SCSI Port for Generalized /0 DC-2608-01 N/C 
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Military Specifications Part No Unit Cost 
28681 ROMless Microcomputer Military Product Specification DC-2392-02 N/C 
28001/8002 Military Z8000 CPU Central Processing Unit Military Product Specification DC-2342-03 N/C 
28581 Military CGC Clock Generator and Controller Military Product Specification DC-2346-01 N/C 
28030 Military Z8000 Z-SCC Serial Communications Controller Military Product Specification DC-2388-02 N/C 
28530 Military SCC Serial Communications Controller Military Product Specification DC-2397-02 N/C 
28036 Military Z8000 Z-ClO Counter/Timer Controller and Parallel 1/0 Military Electrical Specification DC-2389-01 N/C 
28038/8538 Military FIO FIFO Input/Output Interface Unit Military Product Specification DC-2463-02 N/C 
28536 Military ClO Counter/Timer Controller and Parallel 1/0 Military Electrical Specification DC-2396-01 N/C 
28400 Military Z80 CPU Central Processing Unit Military Electrical Specification DC-2351-02 N/C 
28420 Military PIO Parallel Input/Output Controller Military Product Specification DC-2384-02 N/C 
28430 Military CTC Counter/Timer Circuit Military Electrical Specification DC-2385-01 N/C 
28440/1/2/4 Z80 SIO Serial Input/Output Controller Military Product Specification DC-2386-02 N/C 
280C30/85C30 Military CMOS SCC Serial Communications Controller Military Product Specification DC-2478-02 N/C 
284C00 CMOS Z80 CPU Central Processing Unit Military Product Specification DC-2441-02 N/C 
284020 CMOS Z80 PIO Parallel Input/Output Military Product Specification DC-2384-02 N/C 
284030 CMOS Z80 CTC Counter/Timer Circuit Military Product Specification DC-2481-01 N/C 
284C40/1/2/4 CMOS Z80 SIO Serial Input/Output Military Product Specification DC-2482-01 N/C 
216030 CMOS USC Universal Serial Controller Military Preliminary Product Specification DC-2531-01 N/C 
280180 2180 MPU Microprocessor Unit Military Product Specification DC-2538-01 N/C 
284090 CMOS KIO Serial/Parallel/Counter Timer Preliminary Military Product Specification DC-2502-00 N/C 
285230 ESCC Enhanced Serial Communication Controller Military Product Specification DC-2595-00 N/C 
GENERAL LITERATURE 

Catalogs, Handbooks, Product Flyers and Users Guides Part No Unit Cost 
Superintegration Shortform Catalog 1992 DC-5472-11 N/C 
Superintegration Products Guide DC-5499-07 N/C 
ZIA™3.3-5.5V Matched Chip Set for AT Hard Disk Drives Datasheet DC-5556-01 N/C 
ZIA ZIAOOZCO Disk Drive Development Kit Datasheet DC-5593-01 N/C 
Zilog Hard Disk Controllers - Z286C93/C95 Datasheet DC-5560-01 N/C 
Zilog Infrared (IR) Controllers - ZIRC™ Datasheet DC-5558-01 N/C 
Zilog Intelligent Peripheral Controller - ZIP™ Z80182 Datasheet DC-5525-01 N/C 
Zilog Digital Signal Processing - 289320 Datasheet DC-5547-01 N/C 
Zilog Datacommunications Brochure DC-5519-00 N/C 
Zilog Digital Signal Processing Brochure DC-5536-02 N/C 
Zilog PCMCIA Adaptor Chip 286017 Datasheet DC-5585-01 N/C 
Zilog Television/Video Controllers Datasheet DC-5567-01 N/C 
Zilog TAD Controllers - 289C65/C67/C69 Datasheet DC-5561-01 N/C 
Zilog ASSPs - Partnering With You Product Flyer DC-5553-01 N/C 
Quality and Reliability Report DC-2475-11 N/C 
The Handling and Storage of Surface Mount Devices User's Guide DC-5500-02 N/C 
Universal Object File Utilities User’s Guide DC-8236-04 3.00 
Zilog 1991 Annual Report DC-1991-AR N/C 
Zilog 1992 Annual Report DC-1992-AR N/C 
Zilog 1993 First Quarter Financial Report DC-1993-Q1 N/C 
Microcontroller Quick Reference Folder DC-5508-01 N/C 
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Zilog, inc. 210 East Hacienda Ave. 
Campbell, CA 95008-6600 
Telephone (408) 370-8000 

Telex 910-338-7621 

FAX 408 370-8056 





DC 8305-01 





Zilog, Inc. 

210 East Hacienda Ave. 
Campbell, CA 95008-6600 
408-370-8000 

FAX 408-370-8056 





